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FIG. 13
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FIG. 14
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FIG. 15
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FIG. 43

- The associated 11t primitive polynomial, f{(x)=1+x 9+x!!
- Operation of the PN generator for 0</ <N, (4096)
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FIG. 48
_ _ _ _ Random main interleaving-seed genemtor .
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FIG. 54

The associated 12th primitive polynomial, f(x)=1+x6+x 8oxll4x 12
Operation of the PN generator for  0<1 < N4 (8192)
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FIG. 62

~— — —quasi-random main intcrlcaving-sced gencrator — — —
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FIG. 64

The associated 13th primitive polynomial, f(x)=1+x 2igdx84x9—x 124413
Operation of the PN generator for 0 <1 < Ny (16384)
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FIG. 69

— — — Random main interleaving-seed generator - — — —
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FIG. 74
The associated 14 polynomial, f(x)=1+x Lixl2ix 13,5 14
Operation of the PN generator for 0 <1< N .. (32768)
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FIG. 85

- The associated 11t primitive polynomial, f(x)=1+x 9+x!!
- Operation of the PN generator for 0</ <N, (4096)
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FIG. 88

The associated 12 primitive polynomial,
()= 130 xS +x 412
Operation of the PN generator for <7 <n__ (8192
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FIG. 90

The associated 12th primitive polynomial, f(x)=1+x6+x 8oxll4x 12
Operation of the PN generator for  0<1 < N4 (8192)

0</ <2
/
R[1 1,10,9.8,7,6,5,4,3,2,1,0] =0,0,0,0,0,0,0,0,0,0,0,0
[ =2
2
R[l L10.9.8,7,6,5.4,3,2,1,0] =0,0,0,0,0,1,0,1,0,0,1,1
2<I<N,,,
/ _pi+
R[10,9,8,7,6,5,4,3,2,1,O] —1411109,8,7,6,5.4,3,2.1]

R, =R"®R'oRoR

k =0;
Jor (1 =0;l <Nl =I+1)
{

11
) =F. D+ WZO(Z” XR,);
C,()=(T(D+S);py)modV,,
if C](l) < Ndata
d

ax

H (k) =C;();
k =k-+1,

(S




US 9,246,635 B2

Sheet 88 of 102

Jan. 26, 2016

U.S. Patent

—

~— - IOJRIUAT JAS[JO-[OQUIAS WOpURY —

| oo
_ < & _
| < |
| <2 |
_ <17 _
()'H " _ . <@ _
OS2 Xapul \ O\ | o]
B EE P |
“ypow (g (=)0 Mo | 7] |
RPN POW —
Hom 110 w: >me _ Jopealds ¢W¢mm _
_ < 7 _
(L Me _ = _
_ _
_ _
_ _
_
_
_
azg _
O O O S O |
NMERIBRIERIRIEIEICIE mN__a”__:w__Tg_
_
L S T ]
(II|5§.§amBom-m%&m_,aﬁ::EaaogamlII|\

16 “Old



US 9,246,635 B2

Sheet 89 of 102

Jan. 26, 2016

U.S. Patent

(
|
|
\

—_———

xXeur

' ﬁ

¥oUd Xapul

- AloWa |y

Npour (g (D=0 a

(xeu N pow)

195JJ0 "WAS+ [ ]

~ — — —-Jojesado OpON - — — —— Fm————

L Ve

ded
(e s Bl sl et Sl el s ety
1 buliynys g ||

S o o e e el o ok S
i& K EIRIEIR IR T&j
'

[ L

O
(]

)

_Ssoaom
13SJJO-[OqUAS Wwopury

(7 powr) /= ms

~ — ———peadg-— ———

— e . —— — —_— —_——_——_—



US 9,246,635 B2

Sheet 90 of 102

Jan. 26, 2016

@

T+Hy=y
Wo=H |
i
TIN> ()0 S
XU ot A@\.N_MFTQVPDH AD\D

| stmvm =1
0

1
5

Xeul

(+1=1""N>10=1) 1of
Cuiffys ug) g 'y 0=1

FA D DA DA ="
:,mgm,w,m,a,hw,oftmﬂ E,Rﬁw,md,;,%_\f
MIN> > T

10°0°0°0°0°0'0°0'0°0°0 = 0TTEYS L6011 _Nf
=1

0'0°0°0°00°0°0°0°0°0°0= 0 TZer s oL 86017 _\f
>1>0

(®)

EIEIRIEIREIEICIEIETCIE R
10

EREEEIEIEIEIEIRIRIEIR.
T

1

[ [ [ [ [ d]]m] Y

Buiynys 1g

i

Co [ [ [y [ [ [ ] ] o[ o (o] W

U.S. Patent

(T6I9)XUN > 150 1oj sopeizuaf Nd 3y) Jo uoneiad()
2 xfcxiug ‘rerwouAod oanrwund (Tl PAIRIO0SSE 3T

€6 I



US 9,246,635 B2

Sheet 91 of 102

Jan. 26, 2016

U.S. Patent

||

o9Ys Xapul
-AloWwBy

S ol TGOS0 L o R

| el

_ ABmUZ _uO\MCV ) % m v1
19SU0 "WAS+

r — —Jo1esado ojupoN — — — — — = s ——— |L
(DL

I

lew2ap-03-S)q :ded

dedd

NN Y /S O

of [ o [ [ | [ [ [ e o [ [

VN R

[EEEgEN| [EE} g ER|

yOX :HH

19SJJO- [0QUIAS WopuLY

( 10)p10ua3 ;




U.S. Patent Jan. 26, 2016 Sheet 92 of 102 US 9,246,635 B2

FIG. 95

The associated 13th primitive polynomial, f{x)= 1+x24x A8 +x 9 x 1245 13
Operation of the PN generator for 0 <1 < Ny (16384)
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FIG. 96

— — — Random main interleaving-seed generator - — — —
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FIG. 104

start )

)

encodingservice data ——~—-S5104000

\

mapping the encoded service data into a plurality of OFDM S104010
symbols to build at least one signal frame

)

frequency interleaving data in the at least one signal frame 8104020

\

modulating the frequency interleaved data by an OFDM
(Orthogonal Frequency Division Multiplexing) scheme

—~——S104030

)

transmitting the broadcast signals including the modulated data ————S104040

end
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FIG. 105

( start )

Y

receiving the broadcast signals —~— 5105000

Y

demodulating the received broadcast signals by an OFDM | ¢ 05010
(Orthogonal Frequency Division Multiplexing) scheme

Y

frequency de-interleaving the demodulated broadcast signals - 5105020

Y

de-mapping service data from at least one signal frame in the
ppfregquency de-interleaved broadcast %ignals 5105030

Y

decoding the de-mapped service data —S105040

Y

end )
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1
APPARATUS FOR TRANSMITTING
BROADCAST SIGNALS, APPARATUS FOR
RECEIVING BROADCAST SIGNALS,
METHOD FOR TRANSMITTING
BROADCAST SIGNALS AND METHOD FOR
RECEIVING BROADCAST SIGNALS

This application claims the benefit of U.S. Provisional
Patent Applications No. 61/902,300 filed on Nov. 11, 2013,
U.S. Provisional Patent Applications No. 61/902,302 filed on
Nov. 11, 2013, U.S. Provisional Patent Applications No.
61/902,303 filed on Nov. 11, 2013 and U.S. Provisional
Patent Applications No. 61/902,304 filed on Nov. 11, 2013
the contents of which are hereby incorporated by reference as
if fully set forth herein in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for transmit-
ting broadcast signals, an apparatus for receiving broadcast
signals and methods for transmitting and receiving broadcast
signals.

2. Discussion of the Related Art

As analog broadcast signal transmission comes to an end,
various technologies for transmitting/receiving digital broad-
cast signals are being developed. A digital broadcast signal
may include a larger amount of video/audio data than an
analog broadcast signal and further include various types of
additional data in addition to the video/audio data.

That is, a digital broadcast system can provide HD (high
definition) images, multi-channel audio and various addi-
tional services. However, data transmission efficiency for
transmission of large amounts of data, robustness of trans-
mission/reception networks and network flexibility in con-
sideration of mobile reception equipment need to be
improved for digital broadcast.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an appa-
ratus for transmitting broadcast signals and an apparatus for
receiving broadcast signals for future broadcast services and
methods for transmitting and receiving broadcast signals for
future broadcast services.

An object of the present invention is to provide an appara-
tus and method for transmitting broadcast signals to multi-
plex data of a broadcast transmission/reception system pro-
viding two or more different broadcast services in a time
domain and transmit the multiplexed data through the same
RF signal bandwidth and an apparatus and method for receiv-
ing broadcast signals corresponding thereto.

Another object of the present invention is to provide an
apparatus for transmitting broadcast signals, an apparatus for
receiving broadcast signals and methods for transmitting and
receiving broadcast signals to classify data corresponding to
services by components, transmit data corresponding to each
component as a data pipe, receive and process the data

Still another object of the present invention is to provide an
apparatus for transmitting broadcast signals, an apparatus for
receiving broadcast signals and methods for transmitting and
receiving broadcast signals to signal signaling information
necessary to provide broadcast signals.

Technical Solution

To achieve the object and other advantages and in accor-
dance with the purpose of the invention, as embodied and
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broadly described herein, a method for transmitting broadcast
signals includes encoding service data, mapping the encoded
service data into a plurality of OFDM (Orthogonal Frequency
Division Multiplex) symbols to build at least one signal
frame, frequency interleaving data in the at least one signal
frame by using a different interleaving-seed which is used for
every OFDM symbol pair comprised of two sequential
OFDM symbols, modulating the frequency interleaved data
by the OFDM scheme; and transmitting the broadcast signals
having the modulated data, wherein the different interleav-
ing-seed is generated based on a cyclic shifting value and
wherein an interleaving seed is variable based on an FFT size
of the modulating.

Advantageous Effects

The present invention can process data according to service
characteristics to control QoS for each service or service
component, thereby providing various broadcast services.

The present invention can achieve transmission flexibility
by transmitting various broadcast services through the same
RF signal bandwidth.

The present invention can improve data transmission effi-
ciency and increase robustness of transmission/reception of
broadcast signals using a MIMO system.

According to the present invention, it is possible to provide
broadcast signal transmission and reception methods and
apparatus capable of receiving digital broadcast signals with-
out error even with mobile reception equipment or in an
indoor environment.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 illustrates a structure of an apparatus for transmit-
ting broadcast signals for future broadcast services according
to an embodiment of the present invention.

FIG. 2 illustrates an input formatting block according to
one embodiment of the present invention.

FIG. 3 illustrates an input formatting block according to
another embodiment of the present invention.

FIG. 4 illustrates an input formatting block according to
another embodiment of the present invention.

FIG. 5 illustrates a BICM block according to an embodi-
ment of the present invention.

FIG. 6 illustrates a BICM block according to another
embodiment of the present invention.

FIG. 7 illustrates a frame building block according to one
embodiment of the present invention.

FIG. 8 illustrates an OFMD generation block according to
an embodiment of the present invention.

FIG. 9 illustrates a structure of an apparatus for receiving
broadcast signals for future broadcast services according to
an embodiment of the present invention.

FIG. 10 illustrates a frame structure according to an
embodiment of the present invention.

FIG. 11 illustrates a signaling hierarchy structure of the
frame according to an embodiment of the present invention.

FIG. 12 illustrates preamble signaling data according to an
embodiment of the present invention.

FIG. 13 illustrates PL.S1 data according to an embodiment
of the present invention.
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FIG. 14 illustrates PL.S2 data according to an embodiment
of the present invention.

FIG. 15 illustrates PL.S2 data according to another embodi-
ment of the present invention.

FIG. 16 illustrates a logical structure of a frame according
to an embodiment of the present invention.

FIG. 17 illustrates PL.S mapping according to an embodi-
ment of the present invention.

FIG. 18 illustrates EAC mapping according to an embodi-
ment of the present invention.

FIG. 19 illustrates FIC mapping according to an embodi-
ment of the present invention.

FIG. 20 illustrates a type of DP according to an embodi-
ment of the present invention.

FIG. 21 illustrates DP mapping according to an embodi-
ment of the present invention.

FIG. 22 illustrates an FEC structure according to an
embodiment of the present invention.

FIG. 23 illustrates a bit interleaving according to an
embodiment of the present invention.

FIG. 24 illustrates a cell-word demultiplexing according to
an embodiment of the present invention.

FIG. 25 illustrates a time interleaving according to an
embodiment of the present invention.

FIG. 26 illustrates the basic operation of a twisted row-
column block interleaver according to an embodiment of the
present invention.

FIG. 27 illustrates an operation of a twisted row-column
block interleaver according to another embodiment of the
present invention.

FIG. 28 illustrates a diagonal-wise reading pattern of a
twisted row-column block interleaver according to an
embodiment of the present invention.

FIG. 29 illustrates interleaved XFECBLOCKSs from each
interleaving array according to an embodiment of the present
invention.

FIG. 30 is a view illustrating an operation of a frequency
interleaver 7020 according to an embodiment of the present
invention.

FIG. 31 illustrates a basic switch model for MUX and
DEMUX procedures according to an embodiment of the
present invention.

FIG. 32 is a view illustrating a concept of frequency inter-
leaving applied to a single super-frame according to an
embodiment of the present invention.

FIG. 33 is a view illustrating logical operation mechanism
of frequency interleaving applied to a single super-frame
according to an embodiment of the present invention.

FIG. 34 illustrates expressions of logical operation mecha-
nism of frequency interleaving applied to a single super-
frame according to an embodiment of the present invention.

FIG. 35 illustrates an operation of a memory bank accord-
ing to an embodiment of the present invention.

FIG. 36 illustrates a frequency deinterleaving procedure
according to an embodiment of the present invention.

FIG. 37 is a view illustrates concept of frequency interleav-
ing applied to a single signal frame according to an embodi-
ment of the present invention.

FIG. 38 is a view illustrating logical operation mechanism
of frequency interleaving applied to a single signal frame
according to an embodiment of the present invention.

FIG. 39 illustrates expressions of logical operation mecha-
nism of frequency interleaving applied to a single signal
frame according to an embodiment of the present invention.

FIG. 40 is a view illustrating single-memory deinterleav-
ing for input sequential OFDM symbols.
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FIG. 41 is a view illustrating an output signal of a time
interleaver according to an embodiment of the present inven-
tion.

FIG. 42 is aview of a 4K FFT mode random seed generator
according to an embodiment of the present invention.

FIG. 43 illustrates expressions representing an operation of
a 4K FFT mode random seed generator according to an
embodiment of the present invention.

FIG. 44 is a view illustrating a 4K FFT mode random
symbol-offset generator according to an embodiment of the
present invention.

FIG. 45 illustrates expressions showing operations of a
random symbol-offset generator and a random Symbol-offset
generator for 4K FFT mode including a 0 bits-spreader and a
12 bits-PN generator according to an embodiment of the
present invention.

FIG. 46 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 4K FFT mode including a 1 bits-spreader and an
11 bits-PN generator according to an embodiment of the
present invention.

FIG. 47 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 4K FFT mode including a 2 bits-spreader and a
10 bits-PN generator according to an embodiment of the
present invention.

FIG. 48 is a view illustrating logical composition of a 4K
FFT mode random seed generator according to an embodi-
ment of the present invention.

FIG. 49 is a view illustrating an output signal of a time
interleaver according to another embodiment of the present
invention.

FIG. 50 is a view illustrating a 4K FFT mode quasi-random
interleaving-seed generator according to an embodiment of
the present invention.

FIG. 51 is expressions representing operations of 4K FFT
mode bit shuffling and 4K FFT mode quasi-random interleav-
ing seed generator according to an embodiment of the present
invention.

FIG. 52 is a view illustrating logical composition of a 4K
FFT mode quasi-random interleaving seed generator accord-
ing to an embodiment of the present invention.

FIG. 53 is a view of an 8K FFT mode random seed gen-
erator according to an embodiment of the present invention.

FIG. 54 illustrates expressions representing an operation of
an 8K FFT mode random seed generator according to an
embodiment of the present invention.

FIG. 55 is a view illustrating an 8K FFT mode random
symbol-offset generator according to an embodiment of the
present invention.

FIG. 56 illustrates expressions showing operations of a
random symbol-offset generator and a random Symbol-offset
generator for 8K FFT mode including a 0 bits-spreader and a
13 bits-PN generator according to an embodiment of the
present invention.

FIG. 57 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 8K FFT mode including a 1 bits-spreader and an
12 bits-PN generator according to an embodiment of the
present invention.

FIG. 58 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 8K FFT mode including a 2 bits-spreader and an
11 bits-PN generator according to an embodiment of the
present invention.
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FIG. 59 is a view illustrating logical composition of an 8K
FFT mode random seed generator according to an embodi-
ment of the present invention.

FIG. 60 is a view illustrating an 8K FFT mode quasi-
random interleaving seed generator according to an embodi-
ment of the present invention.

FIG. 61 is expressions representing operations of 8K FFT
mode bit shuffling and 8K FFT mode quasi-random interleav-
ing seed generator according to an embodiment of the present
invention.

FIG. 62 is a view illustrating logical composition of an 8K
FFT mode quasi-random interleaving seed generator accord-
ing to an embodiment of the present invention.

FIG. 63 is a view of a 16K FFT mode random seed gen-
erator according to an embodiment of the present invention.

FIG. 64 illustrates expressions representing an operation of
a 16K FFT mode random seed generator according to an
embodiment of the present invention.

FIG. 65 is a view illustrating a 16K FFT mode random
symbol-offset generator according to an embodiment of the
present invention.

FIG. 66 illustrates expressions showing operations of a
random symbol-offset generator and a random Symbol-offset
generator for 16K FFT mode including a 0 bits-spreader and
a 14 bits-PN generator according to an embodiment of the
present invention.

FIG. 67 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 16K FFT mode including a 1 bits-spreader and
a 13 bits-PN generator according to an embodiment of the
present invention.

FIG. 68 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 16K FFT mode including a 2 bits-spreader and
a 12 bits-PN generator according to an embodiment of the
present invention.

FIG. 69 is a view illustrating logical composition ofa 16K
FFT mode random seed generator according to an embodi-
ment of the present invention.

FIG. 70 is a view illustrating a 16K FFT mode quasi-
random interleaving seed generator according to an embodi-
ment of the present invention.

FIG. 71 is expressions representing operations of 16K FFT
mode bit shuffling and 16K FFT mode quasi-random inter-
leaving seed generator according to an embodiment of the
present invention.

FIG. 72 is a view illustrating logical composition ofa 16K
FFT mode quasi-random interleaving seed generator accord-
ing to an embodiment of the present invention.

FIG. 73 is a view of a 32K FFT mode random seed gen-
erator according to an embodiment of the present invention.

FIG. 74 illustrates expressions representing an operation of
a 32K FFT mode random seed generator according to an
embodiment of the present invention.

FIG. 75 is a view illustrating a 32K FFT mode random
symbol-offset generator according to an embodiment of the
present invention.

FIG. 76 illustrates expressions showing operations of a
random symbol-offset generator and a random Symbol-offset
generator for 32K FFT mode including a 0 bits-spreader and
a 15 bits-PN generator according to an embodiment of the
present invention.

FIG. 77 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 32K FFT mode including a 1 bits-spreader and
a 14 bits-PN generator according to an embodiment of the
present invention.
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FIG. 78 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 32K FFT mode including a 2 bits-spreader and
a 13 bits-PN generator according to an embodiment of the
present invention.

FIG. 79 is a view illustrating logical composition of a 32K
FFT mode random seed generator according to an embodi-
ment of the present invention.

FIG. 80 is a view illustrating a 32K FFT mode quasi-
random interleaving seed generator according to an embodi-
ment of the present invention.

FIG. 81 is expressions representing operations of 32K FFT
mode bit shuffling and 32K FFT mode quasi-random inter-
leaving seed generator according to an embodiment of the
present invention.

FIG. 82 is a view illustrating logical composition of a 32K
FFT mode quasi-random interleaving seed generator accord-
ing to an embodiment of the present invention.

FIG. 83 is a change procedure for an interleaving seed in
each memory bank according to another embodiment of the
present invention.

FIG. 84 is a view of a 4K FFT mode random interleaving-
sequence generator according to an embodiment of the
present invention.

FIG. 85 illustrates expressions representing an operation of
a 4K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

FIG. 86 is a view illustrating logical composition of a 4K
FFT mode random interleaving-sequence generator accord-
ing to an embodiment of the present invention.

FIG. 87 is a view illustrating a 4K FFT mode random
interleaving-sequence generator according to another
embodiment of the present invention.

FIG. 88 is expressions representing operations of 4K FFT
mode bit shuffling and 4K FFT mode random interleaving-
sequence generator according to another embodiment of the
present invention.

FIG. 89 is a view of an 8K FFT mode random interleaving-
sequence generator according to an embodiment of the
present invention.

FIG. 90 illustrates expressions representing an operation of
an 8K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

FIG. 91 is a view illustrating logical composition of an 8K
FFT mode random interleaving-sequence generator accord-
ing to an embodiment of the present invention.

FIG. 92 is a view illustrating an 8K FFT mode random
interleaving-sequence generator according to another
embodiment of the present invention.

FIG. 93 is expressions representing operations of 8K FFT
mode bit shuffling and 8K FFT mode random interleaving-
sequence generator according to another embodiment of the
present invention.

FIG. 94 1is a view ofa 16K FFT mode random interleaving-
sequence generator according to an embodiment of the
present invention.

FIG. 95 illustrates expressions representing an operation of
a 16K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

FIG. 96 is a view illustrating logical composition ofa 16K
FFT mode random interleaving-sequence generator accord-
ing to an embodiment of the present invention.

FIG. 97 is a view illustrating a 16K FFT mode random
interleaving-sequence generator according to another
embodiment of the present invention.
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FIG. 98 is expressions representing operations of 16K FFT
mode bit shuffling and 16K FFT mode random interleaving-
sequence generator according to another embodiment of the
present invention.

FIG. 99 is a view of a 32K FF'T mode random interleaving-
sequence generator according to an embodiment of the
present invention.

FIG. 100 illustrates expressions representing an operation
of'a 32K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

FIG. 101 is a view illustrating logical composition ofa 32K
FFT mode random interleaving-sequence generator accord-
ing to an embodiment of the present invention.

FIG. 102 is a view illustrating a 32K FFT mode random
interleaving-sequence generator according to another
embodiment of the present invention.

FIG. 103 is expressions representing operations of 32K
FFT mode bit shuffling and 32K FFT mode random interleav-
ing-sequence generator according to another embodiment of
the present invention.

FIG. 104 is a flowchart illustrating a method for transmit-
ting broadcast signals according to an embodiment of the
present invention.

FIG. 105 is a flowchart illustrating a method for receiving
broadcast signals ac cording to an embodiment of the present
invention.

BEST MODE

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. The detailed
description, which will be given below with reference to the
accompanying drawings, is intended to explain exemplary
embodiments of the present invention, rather than to show the
only embodiments that can be implemented according to the
present invention. The following detailed description
includes specific details in order to provide a thorough under-
standing of the present invention. However, it will be apparent
to those skilled in the art that the present invention may be
practiced without such specific details.

Although most terms used in the present invention have
been selected from general ones widely used in the art, some
terms have been arbitrarily selected by the applicant and their
meanings are explained in detail in the following description
as needed. Thus, the present invention should be understood
based upon the intended meanings of the terms rather than
their simple names or meanings.

The present invention provides apparatuses and methods
for transmitting and receiving broadcast signals for future
broadcast services. Future broadcast services according to an
embodiment of the present invention include a terrestrial
broadcast service, a mobile broadcast service, a UHDTV
service, etc. The present invention may process broadcast
signals for the future broadcast services through non-MIMO
(Multiple Input Multiple Output) or MIMO according to one
embodiment. A non-MIMO scheme according to an embodi-
ment of the present invention may include a MISO (Multiple
Input Single Output) scheme, a SISO (Single Input Single
Output) scheme, etc.

While MISO or MIMO uses two antennas in the following
for convenience of description, the present invention is appli-
cable to systems using two or more antennas.

The present invention may defines three physical layer
(PL) profiles—base, handheld and advanced profiles—each
optimized to minimize receiver complexity while attaining
the performance required for a particular use case. The physi-
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cal layer (PHY) profiles are subsets of all configurations that
a corresponding receiver should implement.

The three PHY profiles share most of the functional blocks
but differ slightly in specific blocks and/or parameters. Addi-
tional PHY profiles can be defined in the future. For the
system evolution, future profiles can also be multiplexed with
the existing profiles in a single RF channel through a future
extension frame (FEF). The details of each PHY profile are
described below.

1. Base Profile

The base profile represents a main use case for fixed receiv-
ing devices that are usually connected to a roof-top antenna.
The base profile also includes portable devices that could be
transported to a place but belong to a relatively stationary
reception category. Use of the base profile could be extended
to handheld devices or even vehicular by some improved
implementations, but those use cases are not expected for the
base profile receiver operation.

Target SNR range of reception is from approximately 10 to
20 dB, which includes the 15 dB SNR reception capability of
the existing broadcast system (e.g. ATSC A/53). The receiver
complexity and power consumption is not as critical as in the
battery-operated handheld devices, which will use the hand-
held profile. Key system parameters for the base profile are
listed in below table 1.

TABLE 1

16K, 64K bits

4~10 bpeu (bits per channel use)
<219 data cells

Pilot pattern for fixed reception
16K, 32K points

LDPC codeword length
Constellation size

Time de-interleaving memory size
Pilot patterns

FFT size

2. Handheld Profile

The handheld profile is designed for use in handheld and
vehicular devices that operate with battery power. The
devices can be moving with pedestrian or vehicle speed. The
power consumption as well as the receiver complexity is very
important for the implementation of the devices of the hand-
held profile. The target SNR range of the handheld profile is
approximately 0 to 10 dB, but can be configured to reach
below 0 dB when intended for deeper indoor reception.

In additionto low SNR capability, resilience to the Doppler
Effect caused by receiver mobility is the most important
performance attribute of the handheld profile. Key system
parameters for the handheld profile are listed in the below
table 2.

TABLE 2
LDPC codeword length 16K bits
Constellation size 2~8 bpeu

Time de-interleaving memory size =28 data cells

Pilot patterns Pilot patterns for mobile and
indoor reception
FFT size 8K, 16K points

3. Advanced Profile

The advanced profile provides highest channel capacity at
the cost of more implementation complexity. This profile
requires using MIMO transmission and reception, and
UHDTYV service is a target use case for which this profile is
specifically designed. The increased capacity can also be used
to allow an increased number of services in a given band-
width, e.g., multiple SDTV or HDTV services.

The target SNR range of the advanced profile is approxi-
mately 20 to 30 dB. MIMO transmission may initially use
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existing elliptically-polarized transmission equipment, with
extension to full-power cross-polarized transmission in the
future. Key system parameters for the advanced profile are
listed in below table 3.

TABLE 3
LDPC codeword length 16K, 64K bits
Constellation size 8~12 bpcu

=29 data cells
Pilot pattern for fixed reception
16K, 32K points

Time de-interleaving memory size
Pilot patterns
FFT size

The following terms and definitions may apply to the
present invention. The following terms and definitions can be
changed according to design.

auxiliary stream: sequence of cells carrying data of as yet
undefined modulation and coding, which may be used for
future extensions or as required by broadcasters or network
operators

base data pipe: data pipe that carries service signaling data

baseband frame (or BBFRAME): set of K,_, bits which
form the input to one FEC encoding process (BCH and LDPC
encoding)

cell: modulation value that is carried by one carrier of the
OFDM transmission

coded block: LDPC-encoded block of PLS1 data or one of
the LDPC-encoded blocks of PLS2 data

data pipe: logical channel in the physical layer that carries
service data or related metadata, which may carry one or
multiple service(s) or service component(s).

data pipe unit: a basic unit for allocating data cells to a DP
in a frame.

data symbol: OFDM symbol in a frame which is not a
preamble symbol (the frame signaling symbol and frame
edge symbol is included in the data symbol)

DP_ID: this 8-bit field identifies uniquely a DP within the
system identified by the SYSTEM_ID

dummy cell: cell carrying a pseudo-random value used to
fill the remaining capacity not used for PLS signaling, DPs or
auxiliary streams

emergency alert channel: part of a frame that carries EAS
information data

frame: physical layer time slot that starts with a preamble
and ends with a frame edge symbol

frame repetition unit: a set of frames belonging to same or
different physical layer profile including a FEF, which is
repeated eight times in a super-frame

fast information channel: a logical channel in a frame that
carries the mapping information between a service and the
corresponding base DP

FECBLOCK: set of LDPC-encoded bits of a DP data

FFT size: nominal FFT size used for a particular mode,
equal to the active symbol period T s expressed in cycles of the
elementary period T

frame signaling symbol: OFDM symbol with higher pilot
density used at the start of a frame in certain combinations of
FFT size, guard interval and scattered pilot pattern, which
carries a part of the PLS data

frame edge symbol: OFDM symbol with higher pilot den-
sity used at the end of a frame in certain combinations of FFT
size, guard interval and scattered pilot pattern

frame-group: the set of all the frames having the same PHY
profile type in a super-frame.

future extension frame: physical layer time slot within the
super-frame that could be used for future extension, which
starts with a preamble
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Futurecast UTB system: proposed physical layer broad-
casting system, of which the input is one or more MPEG2-TS
or IP or general stream(s) and of which the output is an RF
signal

input stream: A stream of data for an ensemble of services
delivered to the end users by the system.

normal data symbol: data symbol excluding the frame sig-
naling symbol and the frame edge symbol

PHY profile: subset of all configurations that a correspond-
ing receiver should implement

PLS: physical layer signaling data consisting of PL.S1 and
PLS2

PLS1: a first set of PLS data carried in the FSS symbols
having a fixed size, coding and modulation, which carries
basic information about the system as well as the parameters
needed to decode the PLS2

NOTE: PLSI data remains constant for the duration of a
frame-group.

PLS2: a second set of PLS data transmitted in the FSS
symbol, which carries more detailed PLS data about the sys-
tem and the DPs

PLS2 dynamic data: PLS2 data that may dynamically
change frame-by-frame

PLS2 static data: PLS2 data that remains static for the
duration of a frame-group

preamble signaling data: signaling data carried by the pre-
amble symbol and used to identify the basic mode of the
system

preamble symbol: fixed-length pilot symbol that carries
basic PLS data and is located in the beginning of a frame

NOTE: The preamble symbol is mainly used for fast initial
band scan to detect the system signal, its timing, frequency
offset, and FFT-size.

reserved for future use: not defined by the present docu-
ment but may be defined in future

super-frame: set of eight frame repetition units

time interleaving block (TTblock): set of cells within which
time interleaving is carried out, corresponding to one use of
the time interleaver memory

TI group: unit over which dynamic capacity allocation for
aparticular DP is carried out, made up of an integer, dynami-
cally varying number of XFECBLOCKs

NOTE: The TI group may be mapped directly to one frame
or may be mapped to multiple frames. It may contain one or
more TI blocks.

Type 1 DP: DP of a frame where all DPs are mapped into
the frame in TDM fashion

Type 2 DP: DP of a frame where all DPs are mapped into
the frame in FDM fashion

XFECBLOCK: set of N,
LDPC FECBLOCK

FIG. 1 illustrates a structure of an apparatus for transmit-
ting broadcast signals for future broadcast services according
to an embodiment of the present invention.

The apparatus for transmitting broadcast signals for future
broadcast services according to an embodiment of the present
invention can include an input formatting block 1000, a
BICM (Bit interleaved coding & modulation) block 1010, a
frame structure block 1020, an OFDM (Orthogonal Fre-
quency Division Multiplexing) generation block 1030 and a
signaling generation block 1040. A description will be given
of the operation of each module of the apparatus for trans-
mitting broadcast signals.

1P stream/packets and MPEG2-TS are the main input for-
mats, other stream types are handled as General Streams. In
addition to these data inputs, Management Information is
input to control the scheduling and allocation of the corre-

cells carrying all the bits of one

cells
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sponding bandwidth for each input stream. One or multiple
TS stream(s), IP stream(s) and/or General Stream(s) inputs
are simultaneously allowed.

The input formatting block 1000 can demultiplex each
input stream into one or multiple data pipe(s), to each of
which an independent coding and modulation is applied. The
data pipe (DP) is the basic unit for robustness control, thereby
affecting quality-of-service (QoS). One or multiple service(s)
or service component(s) can be carried by a single DP. Details
of operations of the input formatting block 1000 will be
described later.

The data pipe is a logical channel in the physical layer that
carries service data or related metadata, which may carry one
or multiple service(s) or service component(s).

Also, the data pipe unit: a basic unit for allocating data cells
to a DP in a frame.

In the BICM block 1010, parity data is added for error
correction and the encoded bit streams are mapped to com-
plex-value constellation symbols. The symbols are inter-
leaved across a specific interleaving depth that is used for the
corresponding DP. For the advanced profile, MIMO encoding
is performed in the BICM block 1010 and the additional data
pathis added at the output for MIMO transmission. Details of
operations of the BICM block 1010 will be described later.

The Frame Building block 1020 can map the data cells of
the input DPs into the OFDM symbols within a frame. After
mapping, the frequency interleaving is used for frequency-
domain diversity, especially to combat frequency-selective
fading channels. Details of operations of the Frame Building
block 1020 will be described later.

After inserting a preamble at the beginning of each frame,
the OFDM Generation block 1030 can apply conventional
OFDM modulation having a cyclic prefix as guard interval.
For antenna space diversity, a distributed MISO scheme is
applied across the transmitters. In addition, a Peak-to-Aver-
age Power Reduction (PAPR) scheme is performed in the
time domain. For flexible network planning, this proposal
provides a set of various FFT sizes, guard interval lengths and
corresponding pilot patterns. Details of operations of the
OFDM Generation block 1030 will be described later.

The Signaling Generation block 1040 can create physical
layer signaling information used for the operation of each
functional block. This signaling information is also transmit-
ted so that the services of interest are properly recovered at the
receiver side. Details of operations of the Signaling Genera-
tion block 1040 will be described later.

FIGS. 2, 3 and 4 illustrate the input formatting block 1000
according to embodiments of the present invention. A
description will be given of each figure.

FIG. 2 illustrates an input formatting block according to
one embodiment of the present invention. FIG. 2 shows an
input formatting module when the input signal is a single
input stream.

The input formatting block illustrated in FIG. 2 corre-
sponds to an embodiment of the input formatting block 1000
described with reference to FIG. 1.

The input to the physical layer may be composed of one or
multiple data streams. Each data stream is carried by one DP.
The mode adaptation modules slice the incoming data stream
into data fields of the baseband frame (BBF). The system
supports three types of input data streams: MPEG2-TS, Inter-
net protocol (IP) and Generic stream (GS). MPEG2-TS is
characterized by fixed length (188 byte) packets with the first
byte being a sync-byte (0x47). An IP stream is composed of
variable length IP datagram packets, as signaled within IP
packet headers. The system supports both IPv4 and IPv6 for
the IP stream. GS may be composed of variable length pack-
ets or constant length packets, signaled within encapsulation
packet headers.
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(a) shows a mode adaptation block 2000 and a stream
adaptation 2010 for signal DP and (b) shows a PLS generation
block 2020 and a PLS scrambler 2030 for generating and
processing PLS data. A description will be given of the opera-
tion of each block.

The Input Stream Splitter splits the input TS, 1P, GS
streams into multiple service or service component (audio,
video, etc.) streams. The mode adaptation module 2010 is
comprised of a CRC Encoder, BB (baseband) Frame Slicer,
and BB Frame Header Insertion block.

The CRC Encoder provides three kinds of CRC encoding
for error detection at the user packet (UP) level, i.e., CRC-8,
CRC-16, and CRC-32. The computed CRC bytes are
appended after the UP. CRC-8 is used for TS stream and
CRC-32 for IP stream. If the GS stream doesn’t provide the
CRC encoding, the proposed CRC encoding should be
applied.

BB Frame Slicer maps the input into an internal logical-bit
format. The first received bit is defined to be the MSB. The BB
Frame Slicer allocates a number of input bits equal to the
available data field capacity. To allocate a number of input bits
equal to the BBF payload, the UP packet stream is sliced to fit
the data field of BBF.

BB Frame Header Insertion block can insert fixed length
BBF header of 2 bytes is inserted in front of the BB Frame.
The BBF header is composed of STUFFI (1 bit), SYNOD (13
bits), and RFU (2 bits). In addition to the fixed 2-Byte BBF
header, BBF can have an extension field (1 or 3 bytes) at the
end of the 2-byte BBF header.

The stream adaptation 2010 is comprised of stuffing inser-
tion block and BB scrambler.

The stuffing insertion block can insert stuffing field into a
payload of a BB frame. If the input data to the stream adap-
tation is sufficient to fill a BB-Frame, STUFFIis set to ‘0’ and
the BBF has no stuffing field. Otherwise STUFFI is set to 1°
and the stuffing field is inserted immediately after the BBF
header. The stuffing field comprises two bytes of the stuffing
field header and a variable size of stuffing data.

The BB scrambler scrambles complete BBF for energy
dispersal. The scrambling sequence is synchronous with the
BBF. The scrambling sequence is generated by the feed-back
shift register.

The PLS generation block 2020 can generate physical
layer signaling (PLS) data. The PLS provides the receiver
with a means to access physical layer DPs. The PLS data
consists of PLS1 data and PLS2 data.

The PLS1 data is a first set of PLS data carried in the FSS
symbols in the frame having a fixed size, coding and modu-
lation, which carries basic information about the system as
well as the parameters needed to decode the PL.S2 data. The
PLS1 data provides basic transmission parameters including
parameters required to enable the reception and decoding of
the PLS2 data. Also, the PLS1 data remains constant for the
duration of a frame-group.

The PLS2 datais a second set of PLS data transmitted in the
FSS symbol, which carries more detailed PLS data about the
system and the DPs. The PLS2 contains parameters that pro-
vide sufficient information for the receiver to decode the
desired DP. The PLS2 signaling further consists of two types
of'parameters, PLS2 Static data (PL.S2-STAT data) and PL.S2
dynamic data (PLS2-DYN data). The PLS2 Static data is
PLS2 data that remains static for the duration of a frame-
group and the PLS2 dynamic data is PL.S2 data that may
dynamically change frame-by-frame.

Details of the PLS data will be described later.

The PLS scrambler 2030 can scramble the generated PLS
data for energy dispersal.

The above-described blocks may be omitted or replaced by
blocks having similar or identical functions.
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FIG. 3 illustrates an input formatting block according to
another embodiment of the present invention.

The input formatting block illustrated in FIG. 3 corre-
sponds to an embodiment of the input formatting block 1000
described with reference to FIG. 1.

FIG. 3 shows a mode adaptation block of the input format-
ting block when the input signal corresponds to multiple input
streams.

The mode adaptation block of the input formatting block
for processing the multiple input streams can independently
process the multiple input streams.

Referring to FIG. 3, the mode adaptation block for respec-
tively processing the multiple input streams can include an
input stream splitter 3000, an input stream synchronizer
3010, a compensating delay block 3020, a null packet dele-
tion block 3030, a head compression block 3040, a CRC
encoder 3050, a BB frame slicer 3060 and a BB header
insertion block 3070. Description will be given of each block
of the mode adaptation block.

Operations of the CRC encoder 3050, BB frame slicer
3060 and BB header insertion block 3070 correspond to those
ofthe CRC encoder, BB frame slicer and BB header insertion
block described with reference to FIG. 2 and thus description
thereof is omitted.

The input stream splitter 3000 can split the input TS, IP, GS
streams into multiple service or service component (audio,
video, etc.) streams.

The input stream synchronizer 3010 may be referred as
ISSY. The ISSY can provide suitable means to guarantee
Constant Bit Rate (CBR) and constant end-to-end transmis-
sion delay for any input data format. The ISSY is always used
for the case of multiple DPs carrying TS, and optionally used
for multiple DPs carrying GS streams.

The compensating delay block 3020 can delay the split TS
packet stream following the insertion of ISSY information to
allow a TS packet recombining mechanism without requiring
additional memory in the receiver.

The null packet deletion block 3030, is used only for the TS
input stream case. Some TS input streams or split TS streams
may have a large number of null-packets present in order to
accommodate VBR (variable bit-rate) services ina CBR TS
stream. In this case, in order to avoid unnecessary transmis-
sion overhead, null-packets can be identified and not trans-
mitted. In the receiver, removed null-packets can be re-in-
serted in the exact place where they were originally by
reference to a deleted null-packet (DNP) counter that is
inserted in the transmission, thus guaranteeing constant bit-
rate and avoiding the need for time-stamp (PCR) updating.

The head compression block 3040 can provide packet
header compression to increase transmission efficiency for
TS or IP input streams. Because the receiver can have a priori
information on certain parts of the header, this known infor-
mation can be deleted in the transmitter.

For Transport Stream, the receiver has a-priori information
about the sync-byte configuration (0x47) and the packet
length (188 Byte). If the input TS stream carries content that
has only one PID, i.e., for only one service component (video,
audio, etc.) or service sub-component (SVC base layer, SVC
enhancement layer, MVC base view or MVC dependent
views), TS packet header compression can be applied (op-
tionally) to the Transport Stream. IP packet header compres-
sion is used optionally if the input steam is an IP stream.

The above-described blocks may be omitted or replaced by
blocks having similar or identical functions.

FIG. 4 illustrates an input formatting block according to
another embodiment of the present invention.
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The input formatting block illustrated in FIG. 4 corre-
sponds to an embodiment of the input formatting block 1000
described with reference to FIG. 1.

FIG. 4 illustrates a stream adaptation block of the input
formatting module when the input signal corresponds to mul-
tiple input streams.

Referring to FIG. 4, the mode adaptation block for respec-
tively processing the multiple input streams can include a
scheduler 4000, an 1-Frame delay block 4010, a stuffing
insertion block 4020, an in-band signaling 4030, a BB Frame
scrambler 4040, a PLS generation block 4050 and a PLS
scrambler 4060. Description will be given of each block of the
stream adaptation block.

Operations of the stuffing insertion block 4020, the BB
Frame scrambler 4040, the PLS generation block 4050 and
the PLS scrambler 4060 correspond to those of the stuffing
insertion block, BB scrambler, PLS generation block and the
PLS scrambler described with reference to FIG. 2 and thus
description thereof is omitted.

The scheduler 4000 can determine the overall cell alloca-
tion across the entire frame from the amount of FECBLOCKs
of each DP. Including the allocation for PLS, EAC and FIC,
the scheduler generate the values of PLS2-DYN data, which
is transmitted as in-band signaling or PLS cell in FSS of the
frame. Details of FECBLOCK, EAC and FIC will be
described later.

The 1-Frame delay block 4010 can delay the input data by
one transmission frame such that scheduling information
about the next frame can be transmitted through the current
frame for in-band signaling information to be inserted into the
DPs.

The in-band signaling 4030 can insert un-delayed part of
the PLS2 data into a DP of a frame.

The above-described blocks may be omitted or replaced by
blocks having similar or identical functions.

FIG. 5 illustrates a BICM block according to an embodi-
ment of the present invention.

The BICM block illustrated in FIG. 5 corresponds to an
embodiment of the BICM block 1010 described with refer-
ence to FIG. 1.

As described above, the apparatus for transmitting broad-
cast signals for future broadcast services according to an
embodiment of the present invention can provide a terrestrial
broadcast service, mobile broadcast service, UHDTV ser-
vice, etc.

Since QoS (quality of service) depends on characteristics
of'a service provided by the apparatus for transmitting broad-
cast signals for future broadcast services according to an
embodiment of the present invention, data corresponding to
respective services needs to be processed through different
schemes. Accordingly, the a BICM block according to an
embodiment of the present invention can independently pro-
cess DPs input thereto by independently applying SISO,
MISO and MIMO schemes to the data pipes respectively
corresponding to data paths. Consequently, the apparatus for
transmitting broadcast signals for future broadcast services
according to an embodiment of the present invention can
control QoS for each service or service component transmit-
ted through each DP.

(a) shows the BICM block shared by the base profile and
the handheld profile and (b) shows the BICM block of the
advanced profile.

The BICM block shared by the base profile and the hand-
held profile and the BICM block of the advanced profile can
include plural processing blocks for processing each DP.
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A description will be given of each processing block of the
BICM block for the base profile and the handheld profile and
the BICM block for the advanced profile.

A processing block 5000 of the BICM block for the base
profile and the handheld profile can include a Data FEC
encoder 5010, a bit interleaver 5020, a constellation mapper
5030, an SSD (Signal Space Diversity) encoding block 5040
and a time interleaver 5050.

The Data FEC encoder 5010 can perform the FEC encod-
ing on the input BBF to generate FECBLOCK procedure
using outer coding (BCH), and inner coding (LDPC). The
outer coding (BCH) is optional coding method. Details of
operations of the Data FEC encoder 5010 will be described
later.

The bit interleaver 5020 can interleave outputs of the Data
FEC encoder 5010 to achieve optimized performance with
combination of the LDPC codes and modulation scheme
while providing an efficiently implementable structure.
Details of operations of the bit interleaver 5020 will be
described later.

The constellation mapper 5030 can modulate each cell
word from the bit interleaver 5020 in the base and the hand-
held profiles, or cell word from the Cell-word demultiplexer
5010-1 in the advanced profile using either QPSK, QAM-16,
non-uniform QAM (NUQ-64, NUQ-256, NUQ-1024) or
non-uniform constellation (NUC-16, NUC-64, NUC-256,
NUC-1024) to give a power-normalized constellation point,
e, This constellation mapping is applied only for DPs.
Observe that QAM-16 and NUQs are square shaped, while
NUCs have arbitrary shape. When each constellation is
rotated by any multiple of 90 degrees, the rotated constella-
tion exactly overlaps with its original one. This “rotation-
sense” symmetric property makes the capacities and the aver-
age powers of the real and imaginary components equal to
each other. Both NUQs and NUCs are defined specifically for
each code rate and the particular one used is signaled by the
parameter DP_MOD filed in PL.S2 data.

The SSD encoding block 5040 can precode cells in two
(2D), three (3D), and four (4D) dimensions to increase the
reception robustness under difficult fading conditions.

The time interleaver 5050 can operates at the DP level. The
parameters of time interleaving (T1) may be set differently for
each DP. Details of operations of the time interleaver 5050
will be described later.

A processing block 5000-1 of the BICM block for the
advanced profile can include the Data FEC encoder, bit inter-
leaver, constellation mapper, and time interleaver. However,
the processing block 5000-1 is distinguished from the pro-
cessing block 5000 further includes a cell-word demulti-
plexer 5010-1 and a MIMO encoding block 5020-1.

Also, the operations of the Data FEC encoder, bit inter-
leaver, constellation mapper, and time interleaver in the pro-
cessing block 5000-1 correspond to those of the Data FEC
encoder 5010, bit interleaver 5020, constellation mapper
5030, and time interleaver 5050 described and thus descrip-
tion thereof is omitted.

The cell-word demultiplexer 5010-1 is used for the DP of
the advanced profile to divide the single cell-word stream into
dual cell-word streams for MIMO processing. Details of
operations of the cell-word demultiplexer 5010-1 will be
described later.

The MIMO encoding block 5020-1 can processing the
output of the cell-word demultiplexer 5010-1 using MIMO
encoding scheme. The MIMO encoding scheme was opti-
mized for broadcasting signal transmission. The MIMO tech-
nology is a promising way to get a capacity increase but it
depends on channel characteristics. Especially for broadcast-
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ing, the strong LOS component of the channel or a difference
in the received signal power between two antennas caused by
different signal propagation characteristics makes it difficult
to get capacity gain from MIMO. The proposed MIMO
encoding scheme overcomes this problem using a rotation-
based pre-coding and phase randomization of one of the
MIMO output signals.

MIMO encoding is intended for a 2x2 MIMO system
requiring at least two antennas at both the transmitter and the
receiver. Two MIMO encoding modes are defined in this
proposal; full-rate spatial multiplexing (FR-SM) and full-rate
full-diversity spatial multiplexing (FRFD-SM). The FR-SM
encoding provides capacity increase with relatively small
complexity increase at the receiver side while the FRFD-SM
encoding provides capacity increase and additional diversity
gain with a great complexity increase at the receiver side. The
proposed MIMO encoding scheme has no restriction on the
antenna polarity configuration.

MIMO processing is required for the advanced profile
frame, which means all DPs in the advanced profile frame are
processed by the MIMO encoder. MIMO processing is
applied at DP level. Pairs of the Constellation Mapper outputs
NUQ (e, ; and e, ;) are fed to the input of the MIMO Encoder.
Paired MIMO Encoder output (g1,i and g2,1) is transmitted by
the same carrier k and OFDM symbol I of their respective TX
antennas.

The above-described blocks may be omitted or replaced by
blocks having similar or identical functions.

FIG. 6 illustrates a BICM block according to another
embodiment of the present invention.

The BICM block illustrated in FIG. 6 corresponds to an
embodiment of the BICM block 1010 described with refer-
ence to FIG. 1.

FIG. 6 illustrates a BICM block for protection of physical
layer signaling (PLS), emergency alert channel (EAC) and
fast information channel (FIC). EAC is a part of a frame that
carries EAS information data and FIC is a logical channel in
a frame that carries the mapping information between a ser-
vice and the corresponding base DP. Details of the EAC and
FIC will be described later.

Referring to FIG. 6, the BICM block for protection of PLS,
EAC and FIC can include a PLS FEC encoder 6000, a bit
interleaver 6010, a constellation mapper 6020 and a time
interleaver 6030.

Also, the PLS FEC encoder 6000 can include a scrambler,
BCH encoding/zero insertion block, LDPC encoding block
and LDPC parity puncturing block. Description will be given
of each block of the BICM block.

The PLS FEC encoder 6000 can encode the scrambled PLS
Y5 data, EAC and FIC section.

The scrambler can scramble PLS1 data and PLS2 data
before BCH encoding and shortened and punctured LDPC
encoding.

The BCH encoding/zero insertion block can perform outer
encoding on the scrambled PLS % data using the shortened
BCH code for PLS protection and insert zero bits after the
BCH encoding. For PL.S1 data only, the output bits of the zero
insertion may be permitted before LDPC encoding.

The LDPC encoding block can encode the output of the
BCH encoding/zero insertion block using LDPC code. To
generate a complete coded block, C, ., parity bits, P, are
encoded systematically from each zero-inserted PLS infor-
mation block, I, and appended after it.

Cipe=MigpLrapel =Lt - - - iKMpfl:Po:P Lo PN
Kldpfl
The LDPC code parameters for PLS1 and PL.S2 are as
following table 4.

[Expression 1]
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TABLE 4

18

Signaling Type

Kigpe code
Ko Keer  Nooh_parin (=Npp) Nive Nugpe_pariy 1816 Qpze
PLS1 342 1020 60 1080 4320 3240 1/4 36
PLS2 <1021
>1020 2100 2160 7200 5040 3/10 56

The LDPC parity punturing block can perform puncturing
on the PLS1 data and PLS 2 data.

When shortening is applied to the PL.S1 data protection,
some LDPC parity bits are punctured after LDPC encoding.
Also, for the PL.S2 data protection, the LDPC parity bits of
PLS2 are punctured after LDPC encoding. These punctured
bits are not transmitted.

The bit interleaver 6010 can interleave the each shortened
and punctured PLS1 data and PLS2 data.

The constellation mapper 6020 can map the bit interleaved
PLS1 data and PLS2 data onto constellations.

The time interleaver 6030 can interleave the mapped PLS1
dataand PLS2 data. The time interleaver 6030 can be omitted.

The above-described blocks may be omitted or replaced by
blocks having similar or identical functions.

FIG. 7 illustrates a frame building block according to one
embodiment of the present invention.

The frame building block illustrated in FIG. 7 corresponds
to an embodiment of the frame building block 1020 described
with reference to FIG. 1.

Referring to FIG. 7, the frame building block can include a
delay compensation block 7000, a cell mapper 7010 and a
frequency interleaver 7020. Description will be given of each
block of the frame building block.

The delay compensation block 7000 can adjust the timing
between the data pipes and the corresponding PLS data to
ensure that they are co-timed at the transmitter end. The PLS
data is delayed by the same amount as data pipes are by
addressing the delays of data pipes caused by the Input For-
matting block and BICM block. The delay of the BICM block
is mainly due to the time interleaver 5050. In-band signaling
data carries information of the next TI group so that they are
carried one frame ahead of the DPs to be signaled. The Delay
Compensating block delays in-band signaling data accord-
ingly.

The cell mapper 7010 can map PLS, EAC, FIC, DPs,
auxiliary streams and dummy cells into the active carriers of
the OFDM symbols in the frame. The basic function of the
cell mapper 7010 is to map data cells produced by the TIs for
each of the DPs, PLS cells, and EAC/FIC cells, if any, into
arrays of active OFDM cells corresponding to each of the
OFDM symbols within a frame. Service signaling data (such
as PSI (program specific information)/SI) can be separately
gathered and sent by a data pipe. The Cell Mapper operates
according to the dynamic information produced by the sched-
uler and the configuration of the frame structure. Details of
the frame will be described later.

The frequency interleaver 7020 can randomly interleave
data cells received from the cell mapper 7010 to provide
frequency diversity. Also, the frequency interleaver 7020 can
operate on very OFDM symbol pair comprised of two
sequential OFDM symbols using a different interleaving-
seed order to get maximum interleaving gain in a single
frame. Details of operations of the frequency interleaver 7020
will be described later.
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The above-described blocks may be omitted or replaced by
blocks having similar or identical functions.

FIG. 8 illustrates an OFMD generation block according to
an embodiment of the present invention.

The OFMD generation block illustrated in FIG. 8 corre-
sponds to an embodiment of the OFMD generation block
1030 described with reference to FIG. 1.

The OFDM generation block modulates the OFDM carri-
ers by the cells produced by the Frame Building block, inserts
the pilots, and produces the time domain signal for transmis-
sion. Also, this block subsequently inserts guard intervals,
and applies PAPR (Peak-to-Average Power Radio) reduction
processing to produce the final RF signal.

Referring to FIG. 8, the frame building block can include a
pilot and reserved tone insertion block 8000, a 2D-eSFN
encoding block 8010, an IFFT (Inverse Fast Fourier Trans-
form) block 8020, a PAPR reduction block 8030, a guard
interval insertion block 8040, a preamble insertion block
8050, other system insertion block 8060 and a DAC block
8070. Description will be given of each block of the frame
building block.

The pilot and reserved tone insertion block 8000 can insert
pilots and the reserved tone.

Various cells within the OFDM symbol are modulated with
reference information, known as pilots, which have transmit-
ted values known a priori in the receiver. The information of
pilotcells is made up of'scattered pilots, continual pilots, edge
pilots, FSS (frame signaling symbol) pilots and FES (frame
edge symbol) pilots. Each pilot is transmitted at a particular
boosted power level according to pilot type and pilot pattern.
The value of the pilot information is derived from a reference
sequence, which is a series of values, one for each transmitted
carrier on any given symbol. The pilots can be used for frame
synchronization, frequency synchronization, time synchroni-
zation, channel estimation, and transmission mode identifi-
cation, and also can be used to follow the phase noise.

Reference information, taken from the reference sequence,
is transmitted in scattered pilot cells in every symbol except
the preamble, FSS and FES of the frame. Continual pilots are
inserted in every symbol of the frame. The number and loca-
tion of continual pilots depends on both the FFT size and the
scattered pilot pattern. The edge carriers are edge pilots in
every symbol except for the preamble symbol. They are
inserted in order to allow frequency interpolation up to the
edge of the spectrum. FSS pilots are inserted in FSS(s) and
FES pilots are inserted in FES. They are inserted in order to
allow time interpolation up to the edge of the frame.

The system according to an embodiment of the present
invention supports the SFN network, where distributed MISO
scheme is optionally used to support very robust transmission
mode. The 2D-eSFN is a distributed MISO scheme that uses
multiple TX antennas, each of which is located in the different
transmitter site in the SFN network.

The 2D-eSFN encoding block 8010 can process a
2D-eSFN processing to distorts the phase of the signals trans-
mitted from multiple transmitters, in order to create both time
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and frequency diversity in the SFN configuration. Hence,
burst errors due to low flat fading or deep-fading for a long
time can be mitigated.

The IFFT block 8020 can modulate the output from the
2D-eSFN encoding block 8010 using OFDM modulation
scheme. Any cell in the data symbols which has not been
designated as a pilot (or as a reserved tone) carries one of the
data cells from the frequency interleaver. The cells are
mapped to OFDM carriers.

The PAPR reduction block 8030 can perform a PAPR
reduction on input signal using various PAPR reduction algo-
rithm in the time domain.

The guard interval insertion block 8040 can insert guard
intervals and the preamble insertion block 8050 can insert
preamble in front of the signal. Details of a structure of the
preamble will be described later. The other system insertion
block 8060 can multiplex signals of a plurality of broadcast
transmission/reception systems in the time domain such that
data of two or more different broadcast transmission/recep-
tion systems providing broadcast services can be simulta-
neously transmitted in the same RF signal bandwidth. In this
case, the two or more different broadcast transmission/recep-
tion systems refer to systems providing different broadcast
services. The different broadcast services may refer to a ter-
restrial broadcast service, mobile broadcast service, etc. Data
related to respective broadcast services can be transmitted
through different frames.

The DAC block 8070 can convert an input digital signal
into an analog signal and output the analog signal. The signal
output from the DAC block 7800 can be transmitted through
multiple output antennas according to the physical layer pro-
files. A Tx antenna according to an embodiment of the present
invention can have vertical or horizontal polarity.

The above-described blocks may be omitted or replaced by
blocks having similar or identical functions according to
design.

FIG. 9 illustrates a structure of an apparatus for receiving
broadcast signals for future broadcast services according to
an embodiment of the present invention.

The apparatus for receiving broadcast signals for future
broadcast services according to an embodiment of the present
invention can correspond to the apparatus for transmitting
broadcast signals for future broadcast services, described
with reference to FIG. 1.

The apparatus for receiving broadcast signals for future
broadcast services according to an embodiment of the present
invention can include a synchronization & demodulation
module 9000, a frame parsing module 9010, a demapping &
decoding module 9020, an output processor 9030 and a sig-
naling decoding module 9040. A description will be given of
operation of each module of the apparatus for receiving
broadcast signals.

The synchronization & demodulation module 9000 can
receive input signals through m Rx antennas, perform signal
detection and synchronization with respect to a system cor-
responding to the apparatus for receiving broadcast signals
and carry out demodulation corresponding to a reverse pro-
cedure of the procedure performed by the apparatus for trans-
mitting broadcast signals.

The frame parsing module 9100 can parse input signal
frames and extract data through which a service selected by a
user is transmitted. If the apparatus for transmitting broadcast
signals performs interleaving, the frame parsing module 9100
can carry out deinterleaving corresponding to a reverse pro-
cedure of interleaving. In this case, the positions of a signal
and data that need to be extracted can be obtained by decoding
data output from the signaling decoding module 9400 to
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restore scheduling information generated by the apparatus for
transmitting broadcast signals.

The demapping & decoding module 9200 can convert the
input signals into bit domain data and then deinterleave the
same as necessary. The demapping & decoding module 9200
can perform demapping for mapping applied for transmission
efficiency and correct an error generated on a transmission
channel through decoding. In this case, the demapping &
decoding module 9200 can obtain transmission parameters
necessary for demapping and decoding by decoding the data
output from the signaling decoding module 9400.

The output processor 9300 can perform reverse procedures
of various compression/signal processing procedures which
are applied by the apparatus for transmitting broadcast sig-
nals to improve transmission efficiency. In this case, the out-
put processor 9300 can acquire necessary control information
from data output from the signaling decoding module 9400.
The output of the output processor 8300 corresponds to a
signal input to the apparatus for transmitting broadcast sig-
nals and may be MPEG-TSs, IP streams (v4 or v6) and
generic streams.

The signaling decoding module 9400 can obtain PLS infor-
mation from the signal demodulated by the synchronization
& demodulation module 9000. As described above, the frame
parsing module 9100, demapping & decoding module 9200
and output processor 9300 can execute functions thereof
using the data output from the signaling decoding module
9400.

FIG. 10 illustrates a frame structure according to an
embodiment of the present invention.

FIG. 10 shows an example configuration of the frame types
and FRUs in a super-frame. (a) shows a super frame according
to an embodiment of the present invention, (b) shows FRU
(Frame Repetition Unit) according to an embodiment of the
present invention, (¢) shows frames of variable PHY profiles
in the FRU and (d) shows a structure of a frame.

A super-frame may be composed of eight FRUs. The FRU
is a basic multiplexing unit for TDM of the frames, and is
repeated eight times in a super-frame.

Each frame in the FRU belongs to one of the PHY profiles,
(base, handheld, advanced) or FEE The maximum allowed
number of the frames in the FRU is four and a given PHY
profile can appear any number of times from zero times to
four times in the FRU (e.g., base, base, handheld, advanced).
PHY profile definitions can be extended using reserved val-
ues of the PHY_PROFILE in the preamble, if required.

The FEF part is inserted at the end of the FRU, if included.
When the FEF is included in the FRU, the minimum number
of FEFs is 8 in a super-frame. It is not recommended that FEF
parts be adjacent to each other.

One frame is further divided into a number of OFDM
symbols and a preamble. As shown in (d), the frame com-
prises a preamble, one or more frame signaling symbols
(FSS), normal data symbols and a frame edge symbol (FES).

The preamble is a special symbol that enables fast Future-
cast UTB system signal detection and provides a set of basic
transmission parameters for efficient transmission and recep-
tion of the signal. The detailed description of the preamble
will be will be described later.

The main purpose of the FSS(s) is to carry the PLS data.
For fast synchronization and channel estimation, and hence
fast decoding of PLS data, the FSS has more dense pilot
pattern than the normal data symbol. The FES has exactly the
same pilots as the FSS, which enables frequency-only inter-
polation within the FES and temporal interpolation, without
extrapolation, for symbols immediately preceding the FES.
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FIG. 11 illustrates a signaling hierarchy structure of the
frame according to an embodiment of the present invention.

FIG. 11 illustrates the signaling hierarchy structure, which
is split into three main parts: the preamble signaling data
11000, the PLS1 data 11010 and the PLS2 data 11020. The
purpose of the preamble, which is carried by the preamble
symbol in every frame, is to indicate the transmission type
and basic transmission parameters of that frame. The PLS1
enables the receiver to access and decode the PLS2 data,
which contains the parameters to access the DP of interest.
The PLS2 is carried in every frame and split into two main
parts: PLLS2-STAT data and PLS2-DYN data. The static and
dynamic portion of PLS2 data is followed by padding, if
necessary.

FIG. 12 illustrates preamble signaling data according to an
embodiment of the present invention.

Preamble signaling data carries 21 bits of information that
are needed to enable the receiver to access PLS data and trace
DPs within the frame structure. Details of the preamble sig-
naling data are as follows:

PHY_PROFILE: This 3-bit field indicates the PHY profile
type of the current frame. The mapping of different PHY
profile types is given in below table 5.

TABLE 5
Value PHY profile
000 Base profile
001 Handheld profile
010 Advanced profiled
011~110 Reserved
111 FEF
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TABLE 7
Value GI_FRACTION
000 s
001 Yo
010 Yo
011 Yao
100 Yo
101 Yiso
110~111 Reserved

EAC_FLAG: This 1 bit field indicates whether the EAC is
provided in the current frame. If this field is set to ‘1’, emer-
gency alert service (EAS) is provided in the current frame. If
this field set to ‘0’, EAS is not carried in the current frame.
This field can be switched dynamically within a super-frame.

PILOT_MODE: This 1-bit field indicates whether the pilot
mode is mobile mode or fixed mode for the current frame in
the current frame-group. If this field is set to ‘0’, mobile pilot
mode is used. If the field is set to ‘1°, the fixed pilot mode is
used.

PAPR_FLAG: This 1-bit field indicates whether PAPR
reduction is used for the current frame in the current frame-
group. If this field is set to value ‘1, tone reservation is used

25 for PAPR reduction. If this field is set to ‘0’, PAPR reduction

is not used.

FRU_CONFIGURE: This 3-bit field indicates the PHY
profile type configurations of the frame repetition units (FRU)
that are present in the current super-frame. All profile types

30 conveyed in the current super-frame are identified in this field

in all preambles in the current super-frame. The 3-bit field has
a different definition for each profile, as show in below table
8.

TABLE 8

Current Current Current Current
PHY_PROFILE = PHY_ PROFILE = PHY_PROFILE = PHY_ PROFILE =

‘000 (base) ‘001° (handheld) ‘010’ (advanced) ‘111’ (FEF)
FRU_CONFIGURE =000  Only base Only handheld Only advanced Only FEF
profile present profile present profile present present
FRU_CONFIGURE = 1XX Handheld Base profile Base profile Base profile
profile present present present present
FRU_CONFIGURE = X1X Advanced Advanced Handheld Handheld
profile profile profile profile
present present present present
FRU_CONFIGURE = XX1 FEF FEF FEF Advanced
present present present profile
present

FFT_SIZE: This 2 bit field indicates the FFT size of the 50

current frame within a frame-group, as described in below
table 6.

TABLE 6
Value FFT size
00 8K FFT
01 16K FFT
10 32K FFT
11 Reserved

GI_FRACTION: This 3 bit field indicates the guard inter- ¢s

val fraction value in the current super-frame, as described in
below table 7.

RESERVED: This 7-bit field is reserved for future use.

FIG. 13 illustrates PL.S1 data according to an embodiment
of the present invention.

PLS1 data provides basic transmission parameters includ-

55 ing parameters required to enable the reception and decoding

of the PLS2. As above mentioned, the PLS1 data remain
unchanged for the entire duration of one frame-group. The
detailed definition of the signaling fields of the PL.S1 data are
as follows:

60 PREAMBLE_DATA: This 20-bit field is a copy of the

preamble signaling data excluding the EAC_FLAG.
NUM_FRAME_FRU: This 2-bit field indicates the num-
ber of the frames per FRU.
PAYLOAD_TYPE: This 3-bit field indicates the format of

the payload data carried in the frame-group. PAYLOAD_
TYPE is signaled as shown in table 9.
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TABLE 9
value Payload type
1XX TS stream is transmitted
X1X IP stream is transmitted
XX1 GS stream is transmitted

NUM_FSS: This 2-bit field indicates the number of FSS
symbols in the current frame.

SYSTEM_VERSION: This 8-bit field indicates the ver-
sion of the transmitted signal format. The SYSTEM_VER-
SION is divided into two 4-bit fields, which are a major
version and a minor version.

Major version: The MSB four bits of SYSTEM_VER-
SION field indicate major version information. A change in
the major version field indicates a non-backward-compatible
change. The default value is ‘0000’. For the version described
in this standard, the value is set to ‘0000°.

Minor version: The LSB four bits of SYSTEM_VERSION
field indicate minor version information. A change in the
minor version field is backward-compatible.

CELL_ID: This is a 16-bit field which uniquely identifies a
geographic cell in an ATSC network. An ATSC cell coverage
area may consist of one or more frequencies, depending on
the number of frequencies used per Futurecast UTB system.
Ifthe value of the CELL_ID is not known or unspecified, this
field is set to 0.

NETWORK_ID: This is a 16-bit field which uniquely
identifies the current ATSC network.

SYSTEM_ID: This 16-bit field uniquely identifies the
Futurecast UTB system within the ATSC network. The
Futurecast UTB system is the terrestrial broadcast system
whose input is one or more input streams (TS, IP, GS) and
whose output is an RF signal. The Futurecast UTB system
carries one or more PHY profiles and FEF, if any. The same
Futurecast UTB system may carry different input streams and
use different RF frequencies in different geographical areas,
allowing local service insertion. The frame structure and
scheduling is controlled in one place and is identical for all
transmissions within a Futurecast UTB system. One or more
Futurecast UTB systems may have the same SYSTEM_ID
meaning that they all have the same physical layer structure
and configuration.

The following loop consists of FRU_PHY_PROFILE,
FRU_FRAME_LENGTH, FRU_GI_FRACTION, and
RESERVED which are used to indicate the FRU configura-
tion and the length of each frame type. The loop size is fixed
so that four PHY profiles (including a FEF) are signaled
within the FRU. If NUM_FRAME_FRU is less than 4, the
unused fields are filled with zeros.

FRU_PHY_PROFILE: This 3-bit field indicates the PHY
profile type of the (i+1)” (i is the loop index) frame of the
associated FRU. This field uses the same signaling format as
shown in the table 8.

FRU_FRAME_LENGTH: This 2-bit field indicates the
length of the (i+1)” frame of the associated FRU. Using
FRU_FRAME_LENGTH together with FRU_GI_FRAC-
TION, the exact value of the frame duration can be obtained.

FRU_GI_FRACTION: This 3-bit field indicates the guard
interval fraction value of the (i+1)* frame of the associated
FRU. FRU_GI_FRACTION is signaled according to the
table 7.

RESERVED: This 4-bit field is reserved for future use.

The following fields provide parameters for decoding the
PLS2 data.
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PLS2_FEC_TYPE: This 2-bit field indicates the FEC type
used by the PLS2 protection. The FEC type is signaled
according to table 10. The details of the LDPC codes will be
described later.

TABLE 10
Content PLS2 FEC type
00 4K-1/4 and 7K-3/10 LDPC codes

01~11 Reserved

PLS2_MOD: This 3-bit field indicates the modulation type
used by the PL.S2. The modulation type is signaled according
to table 11.

TABLE 11
Value PLS2_MODE
000 BPSK
001 QPSK
010 QAM-16
011 NUQ-64
100~111 Reserved
PLS2 SIZE CELL: This 15-bit field indicates
Crotat_partiar_siocts the size (specified as the number of QAM

cells) of the collection of full coded blocks for PLS2 that is
carried in the current frame-group. This value is constant
during the entire duration of the current frame-group.

PLS2 _STAT SIZE_BIT: This 14-bit field indicates the
size, in bits, of the PLS2-STAT for the current frame-group.
This value is constant during the entire duration of the current
frame-group.

PLS2 DYN_SIZE BIT: This 14-bit field indicates the
size, in bits, of the PLS2-DYN for the current frame-group.
This value is constant during the entire duration of the current
frame-group.

PLS2_REP_FLAG: This 1-bit flag indicates whether the
PLS2 repetition mode is used in the current frame-group.
When this field is set to value “1°, the PL.S2 repetition mode is
activated. When this field is set to value ‘0’, the PLS2 repeti-
tion mode is deactivated.

PLS2 REP SIZE CELL: This 15-bit field indicates
Crotar_partiar_siocts the size (specified as the number of QAM
cells) of the collection of partial coded blocks for PL.S2 car-
ried in every frame of the current frame-group, when PLS2
repetition is used. If repetition is not used, the value of this
field is equal to 0. This value is constant during the entire
duration of the current frame-group.

PLS2 NEXT_ FEC_TYPE: This 2-bit field indicates the
FEC type used for PLS2 that is carried in every frame of the
next frame-group. The FEC type is signaled according to the
table 10.

PLS2 NEXT_MOD: This 3-bit field indicates the modu-
lation type used for PL.S2 that is carried in every frame of the
next frame-group. The modulation type is signaled according
to the table 11.

PLS2_NEXT REP_FLAG: This 1-bit flag indicates
whether the PLS2 repetition mode is used in the next frame-
group. When this field is set to value ‘1°, the PLS2 repetition
mode is activated. When this field is set to value 0, the PLS2
repetition mode is deactivated.

PLS2 NEXT_REP_SIZE_CELL: This 15-bit field indi-
cates Cy,p0r g piocws Lhe size (specified as the number of
QAM cells) of the collection of full coded blocks for PL.S2
that is carried in every frame of the next frame-group, when
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PLS2 repetition is used. If repetition is not used in the next
frame-group, the value of this field is equal to 0. This value is
constant during the entire duration of the current frame-
group.

PLS2_NEXT_REP_STAT_SIZE_BIT: This 14-bit field
indicates the size, in bits, of the PLS2-STAT for the next
frame-group. This value is constant in the current frame-
group.

PLS2_NEXT_REP_DYN_SIZE _BIT: This 14-bit field
indicates the size, in bits, of the PLS2-DYN for the next
frame-group. This value is constant in the current frame-
group.

PLS2_AP_MODE: This 2-bit field indicates whether addi-
tional parity is provided for PLS2 in the current frame-group.
This value is constant during the entire duration of the current
frame-group. The below table 12 gives the values of this field.
When this field is set to ‘00, additional parity is not used for
the PLS2 in the current frame-group.

TABLE 12
Value PLS2-AP mode
00 AP is not provided
01 AP1 mode
10~11 Reserved

PLS2_AP SIZE_CELL: This 15-bit field indicates the
size (specified as the number of QAM cells) of the additional
parity bits of the PLS2. This value is constant during the entire
duration of the current frame-group.

PLS2 NEXT AP MODE: This 2-bit field indicates
whether additional parity is provided for PL.S2 signaling in
every frame of next frame-group. This value is constant dur-
ing the entire duration of the current frame-group. The table
12 defines the values of this field

PLS2_NEXT_AP_SIZE_CELL: This 15-bit field indi-
cates the size (specified as the number of QAM cells) of the
additional parity bits of the PL.S2 in every frame of the next
frame-group. This value is constant during the entire duration
of the current frame-group.

RESERVED: This 32-bit field is reserved for future use.

CRC__32: A 32-bit error detection code, which is applied
to the entire PLS1 signaling.

FIG. 14 illustrates PL.S2 data according to an embodiment
of the present invention.

FIG. 14 illustrates PLS2-STAT data of the PL.S2 data. The
PLS2-STAT data are the same within a frame-group, while
the PLS2-DYN data provide information that is specific for
the current frame.

The details of fields of the PLS2-STAT data are as follows:

FIC_FLAG: This 1-bit field indicates whether the FIC is
used in the current frame-group. If this field is set to “1°, the
FIC is provided in the current frame. If this field set to ‘0’, the
FIC is not carried in the current frame. This value is constant
during the entire duration of the current frame-group.

AUX_FLAG: This 1-bit field indicates whether the auxil-
iary stream(s) is used in the current frame-group. If this field
is set to ‘1°, the auxiliary stream is provided in the current
frame. If this field set to ‘0’, the auxiliary stream is not carried
in the current frame. This value is constant during the entire
duration of current frame-group.

NUM_DP: This 6-bit field indicates the number of DPs
carried within the current frame. The value of'this field ranges
from 1 to 64, and the number of DPs is NUM_DP+1.

DP_ID: This 6-bit field identifies uniquely a DP within a
PHY profile.
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DP_TYPE: This 3-bit field indicates the type of the DP.
This is signaled according to the below table 13.

TABLE 13
Value DP Type
000 DP Type 1
001 DP Type 2
010~111 reserved

DP_GROUP_ID: This 8-bit field identifies the DP group
with which the current DP is associated. This can be used by
a receiver to access the DPs of the service components asso-
ciated with a particular service, which will have the same
DP_GROUP_ID.

BASE_DP_ID: This 6-bit field indicates the DP carrying
service signaling data (such as PSI/SI) used in the Manage-
ment layer. The DP indicated by BASE_DP_ID may be either
anormal DP carrying the service signaling data along with the
service data or a dedicated DP carrying only the service
signaling data

DP_FEC_TYPE: This 2-bit field indicates the FEC type
used by the associated DP. The FEC type is signaled accord-
ing to the below table 14.

TABLE 14
Value FEC_TYPE
00 16K LDPC
01 64K LDPC
10~11 Reserved

DP_COD: This 4-bit field indicates the code rate used by
the associated DP. The code rate is signaled according to the
below table 15.

TABLE 15
Value Code rate
0000 5/15
0001 6/15
0010 7/15
0011 8/15
0100 9/15
0101 10/15
0110 11/15
0111 12/15
1000 13/15
1001~1111 Reserved

DP_MOD: This 4-bit field indicates the modulation used
by the associated DP. The modulation is signaled according to
the below table 16.

TABLE 16
Value Modulation
0000 QPSK
0001 QAM-16
0010 NUQ-64
0011 NUQ-256
0100 NUQ-1024
0101 NUC-16
0110 NUC-64
0111 NUC-256
1000 NUC-1024
1001~1111 reserved
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DP_SSD FLAG_: This 1-bit field indicates whether the
SSD mode is used in the associated DP. If this field is set to
value ‘17, SSD is used. If this field is set to value ‘0’, SSD is
not used.

The following field appears only if PHY_PROFILE is 5
equal to ‘010’, which indicates the advanced profile:

DP_MIMO: This 3-bit field indicates which type of MIMO
encoding process is applied to the associated DP. The type of
MIMO encoding process is signaled according to the table 17.

10
TABLE 17

Value MIMO encoding
000 FR-SM
001 FRFD-SM 15
010~111 reserved
DP_TI_TYPE: This 1-bit field indicates the type of time-
interleaving. A value of ‘0’ indicates that one TI group corre-
sponds to one frame and contains one or more TI-blocks. A 20

value of ‘1’ indicates that one TI group is carried in more than
one frame and contains only one TI-block.

DP_TI_LENGTH: The use of this 2-bit field (the allowed
values are only 1, 2, 4, 8) is determined by the values set
within the DP_TI_TYPE field as follows: 25

If the DP_TI_TYPE is set to the value ‘1’, this field indi-
cates P, the number of the frames to which each TI group is
mapped, and there is one TI-block per TI group (N,~=1). The
allowed P, values with 2-bit field are defined in the below
table 18.

28
DP_FIRST_FRAME_IDX: This 5-bit field indicates the
index of the first frame of the super-frame in which the current
DP occurs. The value of DP_FIRST_FRAME_IDX ranges
from 0 to 31

DP_NUM_BLOCK_MAZX: This 10-bit field indicates the
maximum value of DP_NUM_BLOCKS for this DP. The
value of this field has the same range as DP_NUM_B-
LOCKS.

DP_PAYLOAD_TYPE: This 2-bit field indicates the type
of'the payload data carried by the given DP. DP_PAYLOAD _
TYPE is signaled according to the below table 19.

TABLE 19
Value Payload Type
00 TS.
01 P
10 GS
11 reserved

DP_INBAND_MODE: This 2-bit field indicates whether
the current DP carries in-band signaling information. The
in-band signaling type is signaled according to the below
table 20.

If the DP_TI_TYPE is set to the value ‘0’, this field indi- 30 TABLE 20
cates the number of TI-blocks N, per TI group, and there is
one TI group per frame (P,~=1). The allowed P, values with Value In-band mode
2-bit field are defined in the below table 18.
00 In-band signaling is not carried.
TABLE 18 35 01 INBAND-PLS is carried only
10 INBAND-ISSY is carried only
2-bit field P, Ny 11 INBAND-PLS and INBAND-ISSY are carried
00 1 1
?é i g 0 DP_PROTOCOL_TYPE: This 2-bitfield indicates the pro-
1 M 2 tocol type of the payload carried by the given DP. It is signaled

according to the below table 21 when input payload types are
selected.

TABLE 21
If If If
DP_PAYLOAD_TYPE DP_PAYLOAD_TYPE DP_PAYLOAD_TYPE
Value Is TS IsIP Is GS
00 MPEG2-TS IPv4 (Note)
01 Reserved IPv6 Reserved
10 Reserved Reserved Reserved
11 Reserved Reserved Reserved

DP_FRAME_INTERVAL: This 2-bit field indicates the
frame interval (1, ) within the frame-group for the associ-
ated DP and the allowed values are 1, 2, 4, 8 (the correspond-
ing 2-bit field is ‘00°, ‘01°, *10°, or ‘11°, respectively). For
DPs that do not appear every frame of the frame-group, the
value of this field is equal to the interval between successive
frames. Forexample, if a DP appears on the frames 1, 5, 9, 13,
etc., this field is set to ‘4’. For DPs that appear in every frame,
this field is set to ‘1°.

DP_TI_BYPASS: This 1-bit field determines the availabil-
ity of time interleaver 5050. Iftime interleaving is notused for 65
a DP, itis setto ‘1°. Whereas if time interleaving is used it is
set to ‘0.

55

60

DP_CRC_MODE: This 2-bit field indicates whether CRC
encoding is used in the Input Formatting block. The CRC
mode is signaled according to the below table 22.

TABLE 22
Value CRC mode
00 Not used
01 CRC-8
10 CRC-16
11 CRC-32
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DNP_MODE: This 2-bit field indicates the null-packet
deletion mode used by the associated DP when DP_PAY-
LOAD_TYPE is set to TS (‘00”). DNP_MODE is signaled
according to the below table 23. If DP_PAYLOAD_TYPE is
not TS (*00”), DNP_MODE is set to the value ‘00°.

TABLE 23
Value Null-packet deletion mode
00 Not used
01 DNP-NORMAL
10 DNP-OFFSET
11 reserved

ISSY_MODE: This 2-bit field indicates the ISSY mode
used by the associated DP when DP_PAYLOAD_TYPE is set
to TS (‘00%). The ISSY_MODE is signaled according to the
below table 24 If DP_PAYLOAD_TYPE is not TS (‘00”),
ISSY_MODE is set to the value <00°.

TABLE 24
Value ISSY mode
00 Not used
01 ISSY-UP
10 ISSY-BBF
11 reserved

HC_MODE_TS: This 2-bit field indicates the TS header
compression mode used by the associated DP when DP_PAY-
LOAD_TYPE is set to TS (‘00”). The HC_MODE_TS is
signaled according to the below table 25.

TABLE 25

Value Header compression mode
00 HC_MODE_TS 1
01 HC_MODE_TS 2
10 HC_MODE_TS 3

HC_MODE_TS 4

HC_MODE_IP: This 2-bit field indicates the IP header
compression mode when DP_PAYLOAD_TYPE is set to IP
(°01”). The HC_MODE_IP is signaled according to the below
table 26.

TABLE 26
Value Header compression mode
00 No compression
01 HC_MODE _IP 1

10~11 reserved

PID: This 13-bit field indicates the PID number for TS
header compression when DP_PAYLOAD_TYPE issetto TS
(°00’) and HC_MODE_TS is set to ‘01’ or “10°.

RESERVED: This 8-bit field is reserved for future use.

The following field appears only if FIC_FLAG is equal to
.

FIC_VERSION: This 8-bit field indicates the version num-
ber of the FIC.

FIC_LENGTH_BYTE: This 13-bit field indicates the
length, in bytes, of the FIC.

RESERVED: This 8-bit field is reserved for future use.
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The following field appears only if AUX_FL.AG is equal to
‘1%

NUM_AUX: This 4-bit field indicates the number of aux-
iliary streams. Zero means no auxiliary streams are used.

AUX_CONFIG_RFU: This 8-bit field is reserved for
future use.

AUX_STREAM_TYPE: This 4-bit is reserved for future
use for indicating the type of the current auxiliary stream.

AUX_PRIVATE_CONFIG: This 28-bit field is reserved
for future use for signaling auxiliary streams.

FIG. 15 illustrates PL.S2 data according to another embodi-
ment of the present invention.

FIG. 15 illustrates PLS2-DYN data of the PLS2 data. The
values of the PLS2-DYN data may change during the duration
of'one frame-group, while the size of fields remains constant.

The details of fields of the PLS2-DYN data are as follows:

FRAME_INDEX: This 5-bit field indicates the frame
index of the current frame within the super-frame. The index
of the first frame of the super-frame is set to ‘0’.

PLS_CHANGE_COUNTER: This 4-bit field indicates the
number of super-frames ahead where the configuration will
change. The next super-frame with changes in the configura-
tion is indicated by the value signaled within this field. If this
field is set to the value ‘0000, it means that no scheduled
change is foreseen: e.g., value ‘1’ indicates that there is a
change in the next super-frame.

FIC_CHANGE_COUNTER: This 4-bit field indicates the
number of super-frames ahead where the configuration (i.e.,
the contents of the FIC) will change. The next super-frame
with changes in the configuration is indicated by the value
signaled within this field. Ifthis field is set to the value *0000°,
it means that no scheduled change is foreseen: e.g. value
‘0001’ indicates that there is a change in the next super-frame.

RESERVED: This 16-bit field is reserved for future use.

The following fields appear in the loop over NUM_DP,
which describe the parameters associated with the DP carried
in the current frame.

(a) DP_ID: This 6-bit field indicates uniquely the DP within
a PHY profile.

DP_START: This 15-bit (or 13-bit) field indicates the start
position of the first of the DPs using the DPU addressing
scheme. The DP_START field has differing length according
to the PHY profile and FFT size as shown in the below table
27.

TABLE 27
DP START field size
PHY profile 64 K 16 K
Base 13 bit 15 bit
Handheld — 13 bit
Advanced 13 bit 15 bit

DP_NUM_BLOCK: This 10-bit field indicates the number
of FEC blocks in the current TI group for the current DP. The
value of DP_NUM_BLOCK ranges from 0 to 1023
(b) RESERVED: This 8-bit field is reserved for future use.

The following fields indicate the FIC parameters associ-
ated with the EAC.

EAC_FLAG: This 1-bit field indicates the existence of the
EAC in the current frame. This bit is the same value as the
EAC_FLAG in the preamble.

EAS_WAKE_UP_VERSION_NUM: This 8-bit field indi-
cates the version number of a wake-up indication.
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Ifthe EAC_FLAG field is equal to “1°, the following 12 bits
are allocated for EAC_LENGTH_BYTE field. If the EAC_
FLAG field is equal to ‘0, the following 12 bits are allocated
for EAC_COUNTER.

EAC_LENGTH_BYTE: This 12-bit field indicates the
length, in byte, of the EAC.

EAC_COUNTER: This 12-bit field indicates the number
of the frames before the frame where the EAC arrives.

The following field appears only if the AUX_FLAG field is

equalto ‘1’:
(c) AUX_PRIVATE_DYN: This 48-bit field is reserved for
future use for signaling auxiliary streams. The meaning of
this field depends on the value of AUX_STREAM_TYPE in
the configurable PL.S2-STAT.

CRC__32: A 32-bit error detection code, which is applied
to the entire PLS2.

FIG. 16 illustrates a logical structure of a frame according
to an embodiment of the present invention.

As above mentioned, the PLS, EAC, FIC, DPs, auxiliary
streams and dummy cells are mapped into the active carriers
of'the OFDM symbols in the frame. The PLS1 and PLS2 are
first mapped into one or more FSS(s). After that, EAC cells, if
any, are mapped immediately following the PLS field, fol-
lowed nextby FIC cells, ifany. The DPs are mapped next after
the PLS or EAC, FIC, if any. Type 1 DPs follows first, and
Type 2 DPs next. The details of a type of the DP will be
described later. In some case, DPs may carry some special
data for EAS or service signaling data. The auxiliary stream
or streams, if any, follow the DPs, which in turn are followed
by dummy cells. Mapping them all together in the above
mentioned order, i.e. PLS, EAC, FIC, DPs, auxiliary streams
and dummy data cells exactly fill the cell capacity in the
frame.

FIG. 17 illustrates PL.S mapping according to an embodi-
ment of the present invention.

PLS cells are mapped to the active carriers of FSS(s).
Depending on the number of cells occupied by PLS, one or
more symbols are designated as FSS(s), and the number of
FSS(s) Npgsis signaled by NUM_FSS in PLS1. The FSSis a
special symbol for carrying PLS cells. Since robustness and
latency are critical issues in the PLS, the FSS(s) has higher
density of pilots allowing fast synchronization and fre-
quency-only interpolation within the FSS.

PLS cells are mapped to active carriers of the N4 FSS(s)
in a top-down manner as shown in an example in FIG. 17. The
PLS1 cells are mapped first from the first cell of the first FSS
in an increasing order of the cell index. The PLS2 cells follow
immediately after the last cell of the PLS1 and mapping
continues downward until the last cell index of the first FSS.
If the total number of required PLS cells exceeds the number
of active carriers of one FSS, mapping proceeds to the next
FSS and continues in exactly the same manner as the first
FSS.

After PLS mapping is completed, DPs are carried next. If
EAC, FIC or both are present in the current frame, they are
placed between PLS and “normal” DPs.

FIG. 18 illustrates EAC mapping according to an embodi-
ment of the present invention.

EAC is a dedicated channel for carrying EAS messages and
links to the DPs for EAS. EAS support is provided but EAC
itself may or may not be present in every frame. EAC, if any,
is mapped immediately after the PLS2 cells. EAC is not
preceded by any ofthe FIC, DPs, auxiliary streams or dummy
cells other than the PLS cells. The procedure of mapping the
EAC cells is exactly the same as that of the PLS.

The EAC cells are mapped from the next cell of the PL.S2
in increasing order of the cell index as shown in the example
in FIG. 18. Depending on the EAS message size, EAC cells
may occupy a few symbols, as shown in FIG. 18.
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EAC cells follow immediately after the last cell of the
PLS2, and mapping continues downward until the last cell
index of the last FSS. If the total number of required EAC
cells exceeds the number of remaining active carriers of the
last FSS mapping proceeds to the next symbol and continues
in exactly the same manner as FSS(s). The next symbol for
mapping in this case is the normal data symbol, which has
more active carriers than a FSS.

After EAC mapping is completed, the FIC is carried next,
if any exists. IfFIC is not transmitted (as signaled in the PL.S2
field), DPs follow immediately after the last cell of the EAC.

FIG. 19 illustrates FIC mapping according to an embodi-
ment of the present invention.

(d) shows an example mapping of FIC cell without EAC and
(b) shows an example mapping of FIC cell with EAC.

FIC is a dedicated channel for carrying cross-layer infor-
mation to enable fast service acquisition and channel scan-
ning. This information primarily includes channel binding
information between DPs and the services of each broad-
caster. For fast scan, a receiver can decode FIC and obtain
information such as broadcaster 1D, number of services, and
BASE_DP_ID. For fast service acquisition, in addition to
FIC, base DP can be decoded using BASE_DP_ID. Other
than the content it carries, a base DP is encoded and mapped
to a frame in exactly the same way as a normal DP. Therefore,
no additional description is required for a base DP. The FIC
data is generated and consumed in the Management Layer.
The content of FIC data is as described in the Management
Layer specification.

The FIC data is optional and the use of FIC is signaled by
the FIC_FL AG parameter in the static part of the PLS2. IfFIC
is used, FIC_FLAG is setto ‘1’ and the signaling field for FIC
is defined in the static part of PL.S2. Signaled in this field are
FIC_VERSION, and FIC_LENGTH_BYTE. FIC uses the
same modulation, coding and time interleaving parameters as
PLS2. FIC shares the same signaling parameters such as
PLS2_MOD and PLS2 FEC. FIC data, if any, is mapped
immediately after PLS2 or EAC ifany. FIC is not preceded by
any normal DPs, auxiliary streams or dummy cells. The
method of mapping FIC cells is exactly the same as that of
EAC which is again the same as PLS.

Without EAC after PLS, FIC cells are mapped from the
next cell of the PLS2 in an increasing order of the cell index
as shown in an example in (a). Depending on the FIC data
size, FIC cells may be mapped over a few symbols, as shown
in (b).

FIC cells follow immediately after the last cell of the PLS2,
and mapping continues downward until the last cell index of
the last FSS. If the total number of required FIC cells exceeds
the number of remaining active carriers of the last FSS, map-
ping proceeds to the next symbol and continues in exactly the
same manner as FSS(s). The next symbol for mapping in this
case is the normal data symbol which has more active carriers
than a FSS.

IfEAS messages are transmitted in the current frame, EAC
precedes FIC, and FIC cells are mapped from the next cell of
the EAC in an increasing order of the cell index as shown in
().
After FIC mapping is completed, one or more DPs are
mapped, followed by auxiliary streams, if any, and dummy
cells.

FIG. 20 illustrates a type of DP according to an embodi-
ment of the present invention.

(e) shows type 1 DP and (b) shows type 2 DP.

After the preceding channels, i.e., PLS, EAC and FIC, are
mapped, cells of the DPs are mapped. A DP is categorized
into one of two types according to mapping method:

Type 1 DP: DP is mapped by TDM

Type 2 DP: DP is mapped by FDM
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The type of DP is indicated by DP_TYPE field in the static
part of PL.S2. FIG. 20 illustrates the mapping orders of Type
1 DPs and Type 2 DPs. Type 1 DPs are first mapped in the
increasing order of cell index, and then after reaching the last
cell index, the symbol index is increased by one. Within the
next symbol, the DP continues to be mapped in the increasing
order of cell index starting from p=0. With a number of DPs
mapped together in one frame, each of the Type 1 DPs are
grouped in time, similar to TDM multiplexing of DPs.

Type 2 DPs are first mapped in the increasing order of
symbol index, and then after reaching the last OFDM symbol
of the frame, the cell index increases by one and the symbol
index rolls back to the first available symbol and then
increases from that symbol index. After mapping a number of
DPs together in one frame, each of the Type 2 DPs are
grouped in frequency together, similar to FDM multiplexing
of DPs.

Type 1 DPs and Type 2 DPs can coexist in a frame if needed
with one restriction; Type 1 DPs always precede Type 2 DPs.
The total number of OFDM cells carrying Type 1 and Type 2
DPs cannot exceed the total number of OFDM cells available
for transmission of DPs:

Dpp+Dppo=Dpp [Expression 2]

where Dy, is the number of OFDM cells occupied by
Type 1 DPs, D5, is the number of cells occupied by Type 2
DPs. Since PLS, EAC, FIC are all mapped in the same way as
Type 1 DP, they all follow “Type 1 mapping rule”. Hence,
overall, Type 1 mapping always precedes Type 2 mapping.

FIG. 21 illustrates DP mapping according to an embodi-
ment of the present invention.

(1) shows an addressing of OFDM cells for mapping type 1
DPs and (b) shows an addressing of OFDM cells for mapping
for type 2 DPs.

Addressing of OFDM cells for mapping Type 1 DPs
(0,...,Dpp—1) is defined for the active data cells of Type 1
DPs. The addressing scheme defines the order in which the
cells from the TIs for each of the Type 1 DPs are allocated to
the active data cells. It is also used to signal the locations of
the DPs in the dynamic part of the PLS2.

Without EAC and FIC, address O refers to the cell imme-
diately following the last cell carrying PLS in the last FSS. If
EAC is transmitted and FIC is not in the corresponding frame,
address O refers to the cell immediately following the last cell
carrying EAC. If FIC is transmitted in the corresponding
frame, address O refers to the cell immediately following the
last cell carrying FIC. Address 0 for Type 1 DPs can be
calculated considering two different cases as shown in (a). In
the example in (a), PLS, EAC and FIC are assumed to be all
transmitted. Extension to the cases where either or both of
EAC and FIC are omitted is straightforward. If there are
remaining cells in the FSS after mapping all the cells up to
FIC as shown on the left side of (a).

Addressing of OFDM cells for mapping Type 2 DPs
(0, ..., Dpp,—1) is defined for the active data cells of Type 2
DPs. The addressing scheme defines the order in which the
cells from the TIs for each of the Type 2 DPs are allocated to
the active data cells. It is also used to signal the locations of
the DPs in the dynamic part of the PLS2.

Three slightly different cases are possible as shown in (b).
For the first case shown on the left side of (b), cells in the last
FSS are available for Type 2 DP mapping. For the second case
shown in the middle, FIC occupies cells of a normal symbol,
but the number of FIC cells on that symbol is not larger than
Crgs- Thethird case, shown on the right side in (b), is the same
as the second case except that the number of FIC cells mapped
on that symbol exceeds Cg.

The extension to the case where Type 1 DP(s) precede Type
2 DP(s) is straightforward since PLS, EAC and FIC follow the
same “Type 1 mapping rule” as the Type 1 DP(s).
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A data pipe unit (DPU) is a basic unit for allocating data
cells to a DP in a frame.

A DPU is defined as a signaling unit for locating DPs in a
frame. A Cell Mapper 7010 may map the cells produced by
the TIs for each of the DPs. A Time interleaver 5050 outputs
a series of TI-blocks and each TI-block comprises a variable
number of XFECBLOCKSs which is in turn composed of a set
of cells. The number of cells in an XFECBLOCK, N_,_., is
dependent on the FECBLOCK size, N, ., and the number of
transmitted bits per constellation symbof. ADPU is defined as
the greatest common divisor of all possible values of the
number of cells in a XFECBLOCK, N_,,, supported in a
given PHY profile. The length of'a DPU in cells is defined as
L5t Since each PHY profile supports different combina-
tions of FECBLOCK size and a different number of bits per
constellation symbol, L, ,is defined on a PHY profile basis.

FIG. 22 illustrates an FEC structure according to an
embodiment of the present invention.

FIG. 22 illustrates an FEC structure according to an
embodiment of the present invention before bit interleaving.
As above mentioned, Data FEC encoder may perform the
FEC encoding on the input BBF to generate FECBLOCK
procedure using outer coding (BCH), and inner coding
(LDPC). The illustrated FEC structure corresponds to the
FECBLOCK. Also, the FECBLOCK and the FEC structure
have same value corresponding to a length of LDPC code-
word.

The BCH encoding is applied to each BBF (K, ,, bits), and
then LDPC encoding is applied to BCH-encoded BBF (K, .
bits=N, ,, bits) as illustrated in FIG. 22.

The value of N, is either 64800 bits (long FECBLOCK)
or 16200 bits (short FECBLOCK).

The below table 28 and table 29 show FEC encoding
parameters for a long FECBLOCK and a short FECBLOCK,

respectively.
TABLE 28
BCH
error
LDPC correction
Rate Nigpe Kigpe Kyen capability Ny, - K,
5/15 64800 21600 21408 12 192
6/15 25920 25728
7/15 30240 30048
8/15 34560 34368
9/15 38880 38688
10/15 43200 43008
11/15 47520 47328
12/15 51840 51648
13/15 56160 55968
TABLE 29
BCH
error
LDPC correction
Rate  Nige Kigpe Kpen capability Noer = Kpen
5/15 16200 5400 5232 12 168
6/15 6480 6312
7/15 7560 7392
8/15 8640 8472
9/15 9720 9552
10/15 10800 10632
11/15 11880 11712
12/15 12960 12792
13/15 14040 13872
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The details of operations of the BCH encoding and LDPC
encoding are as follows:

A 12-error correcting BCH code is used for outer encoding
of the BBF. The BCH generator polynomial for short
FECBLOCK and long FECBLOCK are obtained by multi-
plying together all polynomials.

LDPC code is used to encode the output of the outer BCH
encoding. To generate a completed B, ,,.(FECBLOCK), P, ;..
(parity bits) is encoded systematically from each I, (BCH-
encoded BBF), and appended to I,,,.. The completed B,,.
(FECBLOCK) are expressed as follow Expression.

Brape=liapPrapel =fioin - - -, LKy LPOLL <+ 5

b depchzdpc—l] [Expression 3]

The parameters for long FECBLOCK and short
FECBLOCK are given in the above table 28 and 29, respec-
tively.

The detailed procedure to calculate N, ;,.~K,,.. parity bits
for long FECBLOCK, is as follows:

1) Initialize the parity bits,

DPo=P1=P>= - :PNldprMpflzo [Expression 4]

2) Accumulate the first information bit-i,, at parity bit
addresses specified in the first row of an addresses of parity
check matrix. The details of addresses of parity check matrix
will be described later. For example, for rate 13/15:

Pos3=Pos3Dio P2g157P2s15Dl0

Pas377Pas37Dio Paoso=PaosoDio
Pe138=Pe138Dio Peass=PeassDio
Peo217P6921Dio Peora=PsoraDio
Pr5727P7572Di0 Ps260=Ps260Dio

Paseo=PaseoPio [Expression 5]

3) For the next 359 information bits, i, s=1, 2, ..., 359
accumulate i, at parity bit addresses using following Expres-
sion.

{x+(s mod 360)x 0y, MOd(V,g~K e [Expression 6]

where x denotes the address of the parity bit accumulator
corresponding to the first bit iy, and Q,,,. is a code rate
dependent constant specified in the addresses of parity check
matrix. Continuing with the example, Q=24 forrate 13/15,
so for information bit i,, the following operations are per-
formed:

P10077P 1007Pi1 P2g30P2s39Pi 1
Pase1=Pase1Di1 Pso13=Pso13Diy
Pesi62=Pe162Di1 Poasr=Peas2Diy
Peoas=Pe9asDi1 Pooos=PeoosDiy
P7596= P 7506011 Psasa=Ps2saDiy

Pss20=Pss20Pi [Expression 7]

4) For the 361% information bit i54,, the addresses of the
parity bit accumulators are given in the second row of the
addresses of parity check matrix. In a similar manner the
addresses of the parity bit accumulators for the following 359
information bitsi,, s=361,362,...,719 are obtained using the
Expression 6, where x denotes the address of the parity bit
accumulator corresponding to the information bit i54, i.e.,
the entries in the second row of the addresses of parity check
matrix.
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5) In a similar manner, for every group of 360 new infor-
mation bits, a new row from addresses of parity check
matrixes used to find the addresses of the parity bit accumu-
lators.

After all of the information bits are exhausted, the final
parity bits are obtained as follows:

6) Sequentially perform the following operations starting
with i=1

27POp 1,12, - Nigpe=Kigpe—1 [Expression 8]
where ﬁnal content ofp,,1=0,1, . .. N;p, ~K;,,.~1 is equal
to the parity bit p,.
TABLE 30
Code

Rate Quape

5/15 120

6/15 108

7/15 96

8/15 84

9/15 72

10/15 60

11/15 48

12/15 36

13/15 24

This LDPC encoding procedure for a short FECBLOCK is
in accordance with t LDPC encoding procedure for the long
FECBLOCK, except replacing the table 30 with table 31, and
replacing the addresses of parity check matrix for the long
FECBLOCK with the addresses of parity check matrix for the
short FECBLOCK.

TABLE 31
Code
Rate Quape
5/15 30
6/15 27
715 24
8/15 21
9/15 18
10/15 15
11/15 12
12/15 9
13/15 6

FIG. 23 illustrates a bit interleaving according to an
embodiment of the present invention.

The outputs of the LDPC encoder are bit-interleaved,
which consists of parity interleaving followed by Quasi-Cy-
clic Block (QCB) interleaving and inner-group interleaving.
(g) shows Quasi-Cyclic Block (QCB) interleaving and (b)
shows inner-group interleaving.

The FECBLOCK may be parity interleaved. At the output
of'the parity interleaving, the LDPC codeword consists 0of 180
adjacent QC blocks in a long FECBLOCK and 45 adjacent
QC blocks in a short FECBLOCK. Each QC block in either a
long or short FECBLOCK consists of 360 bits. The parity
interleaved LDPC codeword is interleaved by QCB interleav-
ing. The unit of QCB interleaving is a QC block. The QC
blocks at the output of parity interleaving are permutated by
QCB interleaving as illustrated in FIG. 23, where
N_,;=64800m, ., or 16200/, , according to the
FECBLOCK length. The QCB interleaving pattern is unique
to each combination of modulation type and LDPC code rate.

After QCB interleaving, inner-group interleaving is per-
formed according to modulation type and order (1,,,,,,) Which
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is defined in the below table 32. The number of QC blocks for
one inner-group, Ny 1) is also defined.

TABLE 32
Modulation type Nynod Nocz_ic
QAM-16 4 2
NUC-16 4 4
NUQ-64 6 3
NUC-64 6 6
NUQ-256 8 4
NUC-256 8 8
NUQ-1024 10 5
NUC-1024 10 10

The inner-group interleaving process is performed with
Nocs_ s QC blocks of the QCB interleaving output. Inner-
group interleaving has a process of writing and reading the
bits of the inner-group using 360 columns and N, 5 _; rows.
In the write operation, the bits from the QCB interleaving
output are written row-wise. The read operation is performed
column-wise to read out m bits from each row, where m is
equal to 1 for NUC and 2 for NUQ.

FIG. 24 illustrates a cell-word demultiplexing according to
an embodiment of the present invention.

(h) shows a cell-word demultiplexing for 8 and 12 bpcu
MIMO and (b) shows a cell-word demultiplexing for 10 bpcu
MIMO.

Bach cell word (co €, 5 + - - 5 € oq1,2) Of the bit inter-
leaving output is demultiplexed into (d; ., dy ) - - -
Ay mode1,m) @0 (s 050 ds 1 s - - 5924 0wt ) @8 shown in
(a), which describes the cell-word demultiplexing process for
one XFECBLOCK.

For the 10 bpcu MIMO case using different types of NUQ
for MIMO encoding, the Bit Interleaver for NUQ-1024 is
re-used. Each cell word (¢, ;¢, 4, - - ., € ;) of the Bit Interleaver
output is demultiplexed into (d, ¢, d; 1, - - -5 d;5,) and
(a0, A1 -+ 5 o 5,,), @s shown in (b).

FIG. 25 illustrates a time interleaving according to an
embodiment of the present invention.

(1) to (c) show examples of TI mode.

The time interleaver operates at the DP level. The param-
eters of time interleaving (T1) may be set differently for each
DP.

The following parameters, which appear in part of the
PLS2-STAT data, configure the TI:

DP_TI_TYPE (allowed values: 0 or 1): Represents the TI
mode; ‘0’ indicates the mode with multiple TT blocks (more
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than one TI block) per TT group. In this case, one TI group is
directly mapped to one frame (no inter-frame interleaving).
‘1” indicates the mode with only one TI block per T1 group. In
this case, the TI block may be spread over more than one
frame (inter-frame interleaving).

DP_TI_LENGTH: If DP_TI_TYPE="0’, this parameter is
the number of TI blocks N, per TI group. For
DP_TI_TYPE="1", this parameter is the number of frames P,
spread from one TI group.

DP_NUM_BLOCK_MAX (allowed values: 0 to 1023):
Represents the maximum number of XFECBLOCKSs per TI
group.

DP_FRAME_INTERVAL (allowed values: 1, 2, 4, 8):
Represents the number of the frames 1,,,, between two
successive frames carrying the same DP of a given PHY
profile.

DP_TI_BYPASS (allowed values: 0 or 1): If time inter-
leaving is not used for a DP, this parameteris setto ‘1°. Itis set
to ‘0’ if time interleaving is used.

Additionally, the parameter DP_NUM_BLOCK from the
PLS2-DYN data is used to represent the number of
XFECBLOCKSs carried by one T1 group of the DP.

When time interleaving is not used for a DP, the following
TI group, time interleaving operation, and TI mode are not
considered. However, the Delay Compensation block for the
dynamic configuration information from the scheduler will
still be required. In each DP, the XFECBLOCKs received
from the SSD/MIMO encoding are grouped into TT groups.
That is, each TI group is a set of an integer number of
XFECBLOCKSs and will contain a dynamically variable
number of XFECBLOCKSs. The number of XFECBLOCKs
inthe TI group of index nis denoted by N, 5; ocxrowp () and
is signaled as DP_NUM_BLOCK in the PLS2-DYN data.
Note that N,z ocx Growy(1) may vary from the minimum
value of 0 to the maximum value N, z; ocx Group_azax (€OT-
responding to DP_NUM_BLOCK_MAX) of which the larg-
est value is 1023.

Each TI group is either mapped directly onto one frame or
spread over P, frames. Each T1 group is also divided into more
than one T1 blocks(N ), where each TI block corresponds to
one usage of time interleaver memory. The TI blocks within
the TI group may contain slightly different numbers of
XFECBLOCKs. If the TI group is divided into multiple TI
blocks, it is directly mapped to only one frame. There are
three options for time interleaving (except the extra option of
skipping the time interleaving) as shown in the below table
33.

TABLE 33

Modes

Descriptions

Option-1

Option-2

Option-3

Each TI group contains one TI block and is mapped directly to

one frame as shown in (a). This option is signaled in the PLS2-STAT
by DP_TI_TYPE="0"and DP_TI_LENGTH =*1"(N,=1).

Each TI group contains one TI block and is mapped to more than

one frame. (b) shows an example, where one TI group is
mapped to two frames, i.e., DP_TI_LENGTH =2’ (P;=2) and
DP_FRAME_INTERVAL (1, = 2). This provides greater time
diversity for low data-rate services. This option is signaled in the
PLS2-STAT by DP_TI_TYPE =°1".

Each TI group is divided into multiple TI blocks and is mapped

directly to one frame as shown in (c). Each TI block may use full

TI memory, so as to provide the maximum bit-rate for a DP. This

option is signaled in the PLS2-STAT signaling by
DP_TI_TYPE="0"and DP_TI_LENGTH = N, while P;=1.




US 9,246,635 B2

39 40
In each DP, the TT memory stores the input XFECBLOCKSs -continued
(output XFECBLOCKSs from the SSD/MIMO encoding Coi = mo d(T,m- N [ KA J Nc)
block). Assume that input XFECBLOCKS are defined as B TN
(@ s.0.0%n5000 -+ + Dy 0N g1 s 100+ + > 5 }
d";vl’Ncells*I """ de)NxBLOCK—TI(";)*lvO """
s Noprocrins) 1 Nt where S, is a common shift value for the diagonal-wise
whered, isthe q™ cell of the r” XFECBLOCK in the s* reading process regardless of Nz, ocx 77 (0,5) and it is deter-
TI block of the n TI group and represents the outputs of SSD mined by N, z; ocx 77 given in the PLS2-STAT as follows
and MIMO encodings as follows expression. -
for {N;BLOCIQTI?MAX = NbiOCKﬁTI?MAX + 1, if NbiOCKﬁTI?MAXmOdZ =0 [Expression 10]
Niprock 1 max = Newsrock_ti_max,  if Naprock ri_maxmod2 =1 ’
N;BLOCKﬁTLMAX -1
Saip = =
20 As aresult, the cell positions to be read are calculated by a
Jusrq» the output of SSD ... encoding coordinate as Zn’s’i:NrCn,S,ﬁRn’S’i.
dnsrg = { Gnsrg. the output of MIMO encoding FIG. 27 illustrates an operation of a twisted row-column

block interleaver according to another embodiment of the
present invention.
~In ?ddition, assume that output XFECBLOCKSs from the 25~ More specifically, FIG. 27 illustrates the interleaving array
time interleaver 5050 are defined as in the TI memory for each TI group, including virtual
Y SR /P XFECBLOCKs when N.zrocx 7r (0.0)73. Nogrock rr
(1,0)=6, Noprock 17 (2,0)75.

The variablenumber N_z; ocx 77 (0,8)=N, will beless than
or equal to N'.z; oex 77 arax- Thus, in order to achieve a
single-memory deinterleaving at the receiver side, regardless
of N, z; ocx_77(10,8) the interleaving array for use in a twisted

";’NXBLOCKfTI("»S)XNcells’l)’

where h,, _ , is the i” output cell (for i=0, . . . , N,z ocx 77
(n, )xN__,.—1) in the s TI block of the n” T1 group. 30
Typically, the time interleaver will also act as a buffer for

DP data prior to the process of frame building. This is
achieved by means of two memory banks for each DR The ! = y
first TI-block is written to the first bank. The second TI-block ~ fow-column block interleaver is set to the size of
is written to the second bank while the first bank is being read 35 NNe NeouXN'groek 1 arax by inserting the virtual
from and so on. XFECBLOCKSs into the TT memory and the reading process
The TI is a twisted row-column block interleaver. For the is accomplished as follow expression.
s” TI block of the n TI group, the number of rows N of a T1
memory is equal to the number of cells N, ie, N=N

cells’ cells

while the number of columns N, is equal to the number 49 p=0 [Expression 11]
Nosrock v (@, ). for i =0; i < Neeys N} si=i
x _ 77\ . . . =0 cettsVy, si=i+l
FIG. 26 illustrates the basic operation of a twisted row- BrOCKTLIAY
column block interleaver according to an embodiment of the {GENERATE(R, ;. C,5,);
present invent.io.n. o o Vi = NyCru + R
(j) shows a writing operation in the time interleaver 5050 and 45 ]
(b) shows a reading operation in the time interleaver 5050. i Vi < NewsNprock 71, 5)
The first XFECBLOCK is written column-wise into the first {

column of the TI memory, and the second XFECBLOCK is
written into the next column, and so on as shown in (a). Then,
in the interleaving array, cells are read out diagonal-wise. 5¢ }
During diagonal-wise reading from the first row (rightwards
along the row beginning with the left-most column) to the last
row, N, cells are read out as shown in (b). In detail, assuming

z, .. (=0, ... ,N,N_) as the TT memory cell position to be read
sequentially, the reading process in such an interleaving array ss
is performed by calculating the row index R, _ ,, the column
index C,,, and the associated twisting parameter T, ,; as
follows expression.

Znsp=Vsp=p+1;

The number of TI groups is set to 3. The option of time
interleaver is signaled in the PLS2-STAT data by DP_TI_
TYPE='0', DP_FRAME_INTERVAL=1", and DP_TI_
LENGTH=1", i.e., N=1, 1 ,,,,=1, and P=1. The number
of XFECBLOCKS, each of which has N, =30 cells, per TI

o 8roup is signaled in the PLS2-DYN data by N_z; ocx 7(0,

GENERATE(R,,;, Cp i) = [Expression 9] 073, Nosrock_1(1,0)76, and N,z ocx 77 (2,0)=5, respec-

tively. The maximum number of XFECBLOCK is signaled in
{ the PLS2-STAT data by N.5; ocx Growp_ arax> Which leads to
Ry i = mod(i, N,), LNxBLOCK,Group,MAX/N TIJ =N, srocx 71 rax=0

65  FIG. 28 illustrates a diagonal-wise reading pattern of a
twisted row-column block interleaver according to an
embodiment of the present invention.

Thsi = Mod(Sepis X Ryysis Neds
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More specifically FIG. 28 shows a diagonal-wise reading
pattern from each interleaving array with parameters of
N'srocx 7 aax=1 and Sg;,,~(7-1)/2=3. Note that in the
reading process shown as pseudocode above, if
VizN_ N srockx (0.8), the value of V, is skipped and the
next calculated value of V, is used.

FIG. 29 illustrates interleaved XFECBLOCKSs from each
interleaving array according to an embodiment of the present
invention.

FIG. 29
from each

interleaved XFECBLOCKSs
array with parameters of

illustrates the
interleaving
N srocx 1w aax=7 and Sshift:3'

Hereinafter, a frequency interleaving procedure according
to an embodiment of the present invention will be described.

The purpose of the frequency interleaver 7020 in the
present invention, which operates on a single OFDM symbol,
is to provide frequency diversity by randomly interleaving
data cells received from the cell mapper 7010. In order to get
maximum interleaving gain in a single signal frame (or
frame), a different interleaving-seed is used for every OFDM
symbol pair comprised of two sequential OFDM symbols.

The frequency interleaver 7020 may interleave cells in a
transport block as aunit of a signal frame to acquire additional
diversity gain. According to an embodiment of the present
invention, the frequency interleaver 7020 may apply different
interleaving seeds to at least one OFDM symbol or apply
different interleaving seeds to a frame including a plurality of
OFDM symbols.

In the present invention, the aforementioned frequency
interleaving method may be referred to as random frequency
interleaving (random FT).

In addition, according to an embodiment of the present
invention, the random FI may be applied to a super-frame
structure including a plurality of signal frames with a plural-
ity of OFDM symbols.

As described above, a broadcast signal transmitting appa-
ratus or a frequency interleaver 7020 therein according to an
embodiment of the present invention may apply different
interleaving seeds (or interleaving patterns) for at least one
OFDM symbol, that is, for each OFDM symbol or each of
pair-wise OFDM symbols (or each OFDM symbol pair) and
perform the random FI, thereby acquiring frequency diver-
sity. In addition, the frequency interleaver 7020 according to
an embodiment of the present invention may apply different
interleaving seed for each respective signal frame and per-
form the random FI, thereby acquiring additional frequency
diversity.

Accordingly, a broadcast transmitting apparatus or a fre-
quency interleaver 7020 according to an embodiment of the
present invention may have a ping-pong frequency inter-
leaver 7020 structure that perform frequency interleaving in
units of one pair of consecutive OFDM symbols (pair-wise
OFDM symbol) using two memory banks. Hereinafter, an
interleaving operation of the frequency interleaver 7020
according to an embodiment of the present invention may be
referred to as pair-wise symbol FI (or pair-wise FI) or ping-
pong FI (ping-pong interleaving). The aforementioned inter-
leaving operation corresponds to an embodiment of the ran-
dom FI, which can be changed according to a designer’s
intention.

Even-indexed pair-wise OFDM symbols and odd pair-wise
OFDM symbols may be intermittently interleaved via difter-
ent FI memory banks. In addition, the frequency interleaver
7020 according to an embodiment of the present invention
may simultaneously perform reading and writing operations
on one pair of consecutive OFDM symbols input to each
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memory bank using an arbitrary interleaving seed. A detailed
operation will be described below.

In addition, according to an embodiment of the present
invention, as a logical frequency interleaving operation for
logically and effectively interleaving all OFDM symbols in a
super-frame, an interleaving seed is basically changed in
units of one pair of OFDM symbols.

In this case, according to an embodiment of the present
invention, the interleaving seed may be generated by an arbi-
trary random generator or a random generator formed by a
combination of various random generators. In addition,
according to an embodiment of the present invention, various
interleaving seeds may be generated by cyclic-shifting one
main interleaving seed in order to effectively change an inter-
leaving seed. In this case, a cyclic-shifting rule may be hier-
archically defined in consideration of OFDM symbol and
signal frame units. That is different interleaving seed to be
used every OFDM symbol pair can be generated by cyclic-
shifting one interleaving seed (main interleaving seed).
Therefore, the symbol offset according to the present inven-
tion may be referred as a cyclic shifting value. This can be
changed according to a designer’s intention, which will be
described in detail.

A broadcast signal receiving apparatus according to an
embodiment of the present invention may perform an inverse
procedure of the aforementioned random frequency inter-
leaving. In this case, the broadcast signal receiving apparatus
or a frequency deinterleaver thereof according to an embodi-
ment of the present invention may not use a ping-pong struc-
ture using a double-memory and may perform deinterleaving
on consecutive input OFDM symbols via a single-memory.
Accordingly, memory use efficiency can be enhanced. In
addition, reading and writing operations are still required,
which is called as a single-memory deinterleaving operation.
Such a deinterleaving scheme is very efficient in a memory-
use aspect.

FIG. 30 is a view illustrating an operation of a frequency
interleaver 7020 according to an embodiment of the present
invention.

FIG. 30 illustrates the basic operation of the frequency
interleaver 7020 using two memory banks at the transmitter,
which enables a single-memory deinterleaving at the
receiver.

As described above, the frequency interleaver 7020
according to an embodiment of the present invention may
perform a ping-pong interleaving operation.

Typically, ping-pong interleaving operation is accom-
plished by means of two memory banks. In the proposed FI
operation, two memory banks are for each pair-wise OFDM
symbol.

The maximum memory ROM (Read Only Memory) size
for interleaving is approximately two times to a maximum
FFT size. At a transmit side, the ROM size increase is rather
less critical, compared to a receiver side.

As described above, odd pair-wise OFDM symbols and
odd pair-wise OFDM symbols may be intermittently inter-
leaved via different FI memory-banks. That is, the second
(odd-indexed) pair-wise OFDM symbol is interleaved in the
second bank, while the first (even-indexed) pair-wise OFDM
symbol is interleaved in the first bank and so on. For each
pair-wise OFDM symbol, a single interleaving seed is used.
Based on the interleaving seed and reading-writing (or writ-
ing-reading) operation, two OFDM symbols are sequentially
interleaved.

Reading-writing operations according to an embodiment
of the present invention are simultaneously accomplished
without a collision. Writing-reading operations according to
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an embodiment of the present invention are simultaneously
accomplished without a collision.

FIG. 30 illustrates an operation of the aforementioned fre-
quency interleaver 7020. As illustrated in FIG. 30, the fre-
quency interleaver 7020 may include a demux 16000, two
memory banks, a memory bank-A 16100 and a memory
bank-B 16200, and a demux 16300.

First, the frequency interleaver 7020 according to an
embodiment of the present invention may perform a demul-
tiplexing processing to the input sequential OFDM symbols
for the pair-wise OFDM symbol FI. Then the frequency inter-
leaver 7020 according to an embodiment of the present inven-
tion performs a reading-writing FI operation in each memory
bank A and B with a single interleaving seed. As shown in
FIG. 30, two memory banks are used for each OFDM symbol
pair. Operationally, the first (even-indexed) OFDM symbol
pair is interleaved in memory bank-A, while the second (odd-
indexed) OFDM symbol pair is interleaved in memory
bank-B and so on, alternating between A and B.

Then the frequency interleaver 7020 according to an
embodiment of the present invention may perform a multi-
plexing processing to ping-pong FI outputs for sequential
OFDM symbol transmission.

FIG. 31 illustrates a basic switch model for MUX and
DEMUX procedures according to an embodiment of the
present invention.

FIG. 31 illustrates simple operations the DEMUX and
MUX applied input and output of memory-bank-A/-B in the
aforementioned ping-pong FI structure.

The DEMUX and MUX may control the input sequential
OFDM symbols to be interleaved, and the output OFDM
symbol pair to be transmitted, respectively. Different inter-
leaving seeds are used for every OFDM symbol pair.

Hereinafter, reading-writing operations of frequency inter-
leaving according to an embodiment of the present invention
will be described.

A frequency interleaver 7020 according to an embodiment
of'the present invention may select or use a single interleaving
see and use the interleaving seed in writing and reading opera-
tions for the first and second OFDM symbols, respectively.
That is, the frequency interleaver 7020 according to an
embodiment of the present invention may use the one selected
arbitrary interleaving seed in an operation of writing a first
OFDM symbol of a pair-wise OFDM symbol, and use a
second OFDM symbol in a reading operation, thereby achiev-
ing effective interleaving. Virtually, it seems like that two
different interleaving seeds are applied to two OFDM sym-
bols, respectively.

Details of the reading-writing operation according to an
embodiment of the present invention are as follows:

For the first OFDM symbol, the frequency interleaver 7020
according to an embodiment of the present invention may
perform random writing into memory (according to an inter-
leaving seed) and perform then linear reading. For the second
OFDM symbol, the frequency interleaver 7020 according to
an embodiment of the present invention may perform linear
writing into memory, (affected by the linear reading operation
for the first OFDM symbol), simultaneously. Also, the fre-
quency interleaver 7020 according to an embodiment of the
present invention may perform then random reading (accord-
ing to an interleaving seed).

As described above, the broadcast signal receiving appa-
ratus according to an embodiment of the present invention
may continuously transmit a plurality of frames on the time
axis. In the present invention, a set of signal frames transmit-
ted for a predetermined period of time may be referred to as a
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super-frame. Accordingly, one super-frame may include N
signal frames and each signal frame may include a plurality of
OFDM symbols.

FIG. 32 is a view illustrating a concept of frequency inter-
leaving applied to a single super-frame according to an
embodiment of the present invention.

A frequency interleaver 7020 according to an embodiment
of the present invention may change interleaving seed every
pair-wise OFDM symbol in a single signal frame (symbol
index reset) and change interleaving seed to be used in a
single signal frame by every frame (frame index reset). Con-
sequently, the frequency interleaver 7020 according to an
embodiment of the present invention may change interleav-
ing seed in a super-frame (super-frame index reset).

Accordingly, the frequency interleaver 7020 according to
an embodiment of the present may logically and effectively
interleave all OFDM symbols in a super-frame.

FIG. 33 is a view illustrating logical operation mechanism
of frequency interleaving applied to a single super-frame
according to an embodiment of the present invention.

FIG. 33 illustrates logical operation mechanism of a fre-
quency interleaver 7020 and related parameter thereof, for
effectively changing interleaving seeds to be used the one
super-frame described with reference to FIG. 32.

As described above, in the present invention, various inter-
leaving seeds may be effectively generated by cyclic-shifting
one main interleaving seed by as much as an arbitrary offset.
As illustrated in FIG. 33, according to an embodiment of the
present invention, the aforementioned offset may be differ-
ently generated for each frame and each of pair-wise OFDM
symbol to generate different interleaving seeds. Hereinafter,
the logical operation mechanism will be described.

As illustrated in a lower block of FIG. 33, a frequency
interleaver 7020 according to an embodiment of the present
invention may randomly generate a frame offset for each
signal frame using an input frame index. The frame offset
according to an embodiment of the present invention may be
generated by a frame offset generator included in a frequency
interleaver 7020. In this case, when super-frame index is
reset, a frame offset applied to each frame is generated for
each signal frame in each super-frame identified according to
a super-frame index.

As illustrated in a middle block of FIG. 33, a frequency
interleaver 7020 according to an embodiment of the present
invention may randomly generate a symbol offset to be
applied to each OFDM symbol included in each signal frame
using an input symbol index. The symbol offset according to
an embodiment of the present invention may be generated by
a symbol offset generator included in a frequency interleaver
7020. Inthis case, when a frame index is reset, a symbol offset
for each symbol is generated for symbols in each signal frame
identified according to a frame index. In addition, the fre-
quency interleaver 7020 according to an embodiment of the
present invention may generate various interleaving seeds by
cyclic-shifting a main interleaving seed on each OFDM sym-
bol by as much as a symbol offset.

Then, as illustrated in an upper block of FIG. 33, a fre-
quency interleaver 7020 according to an embodiment of the
present invention may perform random FIon cells included in
each OFDM symbol using an input cell index. A random FI
parameter according to an embodiment of the present inven-
tion may be generated by a random FI generator included in
the frequency interleaver 7020.

FIG. 34 illustrates expressions of logical operation mecha-
nism of frequency interleaving applied to a single super-
frame according to an embodiment of the present invention.
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In detail, FIG. 34 illustrates a correlation of the aforemen-
tioned frame offset parameter, symbol offset, parameter, and
random FI applied to a cell included in each OFDM. As
illustrated in FIG. 34, an offset to be used in an OFDM symbol
may be generated through a hierarchical structure of the
aforementioned frame offset generator and the aforemen-
tioned symbol offset generator. In this case, the frame offset
generator and the symbol offset generator may be designed
using an arbitrary random generator.

FIG. 35 illustrates an operation of a memory bank accord-
ing to an embodiment of the present invention.

As described above, two memory banks according to an
embodiment of the present invention may apply an arbitrary
interleaving seed generated via the aforementioned proce-
dure to each pair-wise OFDM symbol. In addition, each
memory bank may change interleaving seed every pair-wise
OFDM symbol.

FIG. 36 illustrates a frequency deinterleaving procedure
according to an embodiment of the present invention.

A broadcast signal receiving apparatus according to an
embodiment of the present invention may perform an inverse
procedure of the aforementioned frequency interleaving pro-
cedure. FIG. 36 illustrates single-memory deinterleaving
(FDI) for input sequential OFDM symbols.

Basically, frequency deinterleaving operation follows to
the inverse processing of frequency interleaving operation.
For a single-memory use, no further processing is required.

When pair-wise OFDM symbols illustrated in a left portion
of FIG. 36 are input, the broadcast signal receiving apparatus
according to an embodiment of the present invention may
perform the aforementioned reading and writing operation
using a single memory, as illustrated in a right portion of FIG.
36. In this case, the broadcast signal receiving apparatus
according to an embodiment of the present invention may
generate a memory-index and perform frequency deinter-
leaving (reading and writing) corresponding to an inverse
procedure of frequency interleaving (writing and reading)
performed by a broadcast signal transmitting apparatus. The
benefit is inherently caused by the proposed pair-wise ping-
pong interleaving architecture.

The following mathematical formulae show the aforemen-
tioned reading-writing operation.

forj=0,1,...,N,, and k&=0,1 . .. Nz,

F{(C(k)=X;(k)
where C (k) is a random seed generate by a random gen-
erator, in the ith pair-wise OFDM symbol
F=[F0)F51), -+ FiN gata=2)F {(Naaa= 1],
where N, is the number of data cells

X=[X0).5D, . . KN a2 KN )] [Expression 12]

forj=0,1,...,N,,,and &=0,1, ..

sym

. >N data

Fy(R)=X(C;(k))

where C (k) is the same random seed used for the first
symbol

F=[F0)FD); + - FiNgara= 2 Ngara= 1)

where N, _ is the number of data cells

data
X=X X0, KNt 2 XN =D

The above expression 12 is for the first OFDM symbol, i.e.,
(j mod 2)=0 of the ith pair-wise OFDM symbol. The above
expression 13 is for the second OFDM symbol, i.e., (j mod
2)=1 of the ith pair-wise OFDM symbol. FI denotes an inter-

[Expression 13]
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leaved vector of the jth OFDM symbol (vector) and Xj
denotes an input vector of the jth OFDM symbol (vector). As
shown in the expressions, the reading-writing operation
according to an embodiment of the present invention may be
performed by applying one random seed generated by an
arbitrary random generator to a pair-wise OFDM symbol.

FIG. 37 is a view illustrates concept of frequency interleav-
ing applied to a single signal frame according to an embodi-
ment of the present invention.

As described above, a frequency interleaver 7020 accord-
ing to an embodiment of the present invention may change
interleaving seed every pair-wise OFDM symbol in a single
frame. Details thereof will be described below.

FIG. 38 is a view illustrating logical operation mechanism
of frequency interleaving applied to a single signal frame
according to an embodiment of the present invention.

FIG. 38 illustrates logical operation mechanism of a fre-
quency interleaver 7020 and related parameter thereof, for
effectively changing interleaving seeds to be used the one
single signal frame described with reference to FIG. 37.

As described above, in the present invention, various inter-
leaving seed can be effectively generated by cyclic-shifting
one main interleaving seed by as much as an arbitrary symbol
offset. As illustrated in FI1G. 38, according to an embodiment
of the present invention, the aforementioned symbol offset
may be differently generated for each pair-wise OFDM sym-
bol to generate different interleaving seeds. In this case, the
symbol offset may be differently generated for each pair-wise
OFDM symbol using an arbitrary random symbol offset gen-
erator.

Hereinafter, the logical operation mechanism will be
described.

As illustrated in a lower block of FIG. 38, a frequency
interleaver 7020 according to an embodiment of the present
invention may randomly generate a symbol offset to be
applied to each OFDM symbol included in each signal frame
using an input symbol index. The symbol offset (OFDM
random symbol offset) according to an embodiment of the
present invention may be generated by an arbitrary random
generator (or a symbol offset generator) included in a fre-
quency interleaver 7020. In this case, when a frame index is
reset, the symbol offset for each symbol is generated for
symbols in each signal frame identified according to a frame
index. In addition, the frequency interleaver 7020 according
to an embodiment of the present invention may generate
various interleaving seeds by cyclic-shifting a main interleav-
ing seed for each OFDM symbol by as much as the generated
symbol offset.

Then, as illustrated in an upper block of FIG. 38, a fre-
quency interleaver 7020 according to an embodiment of the
present invention may perform random FIon cells included in
each OFDM symbol using an input cell index. A random FI
parameter according to an embodiment of the present inven-
tion may be generated by a random FI generator included in a
frequency interleaver 7020.

FIG. 39 illustrates expressions of logical operation mecha-
nism of frequency interleaving applied to a single signal
frame according to an embodiment of the present invention.

FIG. 39 illustrates a correlation of the aforementioned
symbol offset parameter and a parameter of random FI
applied to a cell included in each OFDM. As illustrated in
FIG. 39, an offset to be used in each OFDM symbol may be
generated through a hierarchical structure of the aforemen-
tioned symbol offset generator. In this case, the symbol offset
generator may be designed using an arbitrary random genera-
tor.
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The following expression shows a change procedure of
interleaving seed in each of the aforementioned memory
banks.

forj=0,1...,N,,,,and for/=0,1, ... Ny 0»

Fy(C(R)=X;(k)

where C;(;)=(T(k)+S| ;o )mod Nz, [Expression 14]

T (k) is a main interleaving seed generated by a random
generator, used in the main FI

S|;2 1s a random symbol offset generated by a random
generator,

used in the jth pair-wise OFDM symbol

forj=0,1,...,and A=0,1, ... Njpa

Fi(k)=X{C;(k)) [Expression 15]

where Cy(k) is the same random seed used for the first
symbol

The above expression 14 is for the first OFDM symbol, i.e.,
(j mod 2)=0 of the ith pair-wise OFDM symbol and the above
expression 15 is for the second OFDM symbol, i.e., (j mod
2)=1 of the ith pair-wise OFDM symbol.

FIG. 40 is a view illustrating single-memory deinterleav-
ing for input sequential OFDM symbols.

FIG. 40 is a view illustrating concept of a broadcast signal
receiving apparatus or a frequency deinterleaver thereof, for
applying interleaving seed used in a broadcast signal trans-
mitting apparatus (or a frequency interleaver 7020) to each
pair-wise OFDM symbol to perform deinterleaving.

As described above, the broadcast signal receiving appa-
ratus according to an embodiment of the present invention
may perform an inverse procedure of the aforementioned
frequency interleaving procedure using a single memory.
FIG. 40 illustrates an operation of the broadcast signal receiv-
ing apparatus for processing single-memory deinterleaving
(FDI) for input sequential OFDM symbols.

The broadcast signal receiving apparatus according to an
embodiment of the present invention may perform an inverse
procedure of the aforementioned operation of a frequency
interleaver 7020. Thus, deinterleaving seeds correspond to
the aforementioned interleaving seed.

As described above, an OFDM generation block 1030 may
perform FFT transformation on input data. According to an
embodiment of the present invention, an FFT size may be 4K,
8K, 16K, 32K, or the like, and an FFT mode indicating the
FFT size may be defined. The aforementioned FFT mode may
be signaled via a preamble (or a preamble signal, a preamble
symbol) in a signal frame or signal via PL.S-pre or PLS-prost.
The FFT size may be changed according to a designer’s
intention.

A frequency interleaver 7020 or an interleaving seed gen-
erator included therein according to an embodiment of the
present invention may perform an operation according to the
aforementioned FFT mode. In addition, an interleaving seed
generator according to an embodiment of the present inven-
tion may include a random seed generator or a quasi-random
interleaving seed generator. The quasi-random interleaving
seed generator may be an embodiment of the random seed
generator. The random seed generator and the quasi-random
interleaving seed generator may be referred as an interleaving
address generator and it may be changed by the designer’s
intention. Also, both of the random seed generator and the
quasi-random interleaving seed generator may include a first
generator and a second generator. The first generator is for
generating a main interleaving seed generator and the second
generator is for generating a symbol offset. The name of the
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first generator and the second generator can be changed
according to the designer’s indention. Hereinafter, an opera-
tion of the interleaving seed generator according to each FFT
mode is divided into an operation of the random seed genera-
tor and an operation of the quasi-random interleaving seed
generator and will be described.

Hereinafter, the random seed generator for a 4K FFT mode
will be described.

As described above, the random seed generator according
to an embodiment of the present invention may apply differ-
ent interleaving seeds to respective OFDM symbols to
acquire frequency diversity. Logical composition of the ran-
dom seed generator may include a random main-seed genera-
tor (or a random main interleaving-seed generator) (C,(K))
for interleaving cells in a single OFDM symbol and a random
symbol-offset generator (S, , ) for changing a symbol offset.

The random main-seed generator may generate the afore-
mentioned random FI parameter. That is, the random main-
seed generator may generate seed for interleaving cells in a
single OFDM symbol.

The random main-seed generator according to an embodi-
ment of the present invention may include a spreader and a
randomizer and perform rendering a full randomness in fre-
quency-domain. According to an embodiment of the present
invention, in the case of 4K FFT mode, the random main-seed
generator may include a 1 bit spreader and an 11 bit-random-
izer. The random main-seed generator or the randomizer
according to an embodiment of the present invention may be
referred as a main-PRBS (Pseudo Random Bit Stream) gen-
erator which is defined based on the 11-bit binary word
sequence (or binary sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset of each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for the respective FFT modes. According to an
embodiment of the present invention, in the case of 4K FFT
mode, a (12-k) bit-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (12-k) bit binary word sequence (or binary
sequence).

The aforementioned spreader and randomizer may be used
to achieve spreading and random effects during generation of
the interleaving seed.

FIG. 41 is a view illustrating an output signal of a time
interleaver according to an embodiment of the present inven-
tion.

As above described, the time interleaver according to an
embodiment of the present invention may perform a column-
wise writing operation and a row-wise reading operation on
one FEC block, as illustrated in a left portion of FIG. 41. A
right block of FIG. 41 indicates an output signal of the time
interleaver and the output signal is input to a frequency inter-
leaver 7020 according to an embodiment ofthe present inven-
tion.

Thus, one FEC block is periodically spread in each FI
block. Accordingly, in order to increase the robustness of a
channel with strong periodic properties, the aforementioned
random interleaving seed generator may be used.

FIG. 42 is aview of a 4K FFT mode random seed generator
according to an embodiment of the present invention.
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The 4K FFT mode random seed generator according to an
embodiment of the present invention may include a spreader
(1-bit toggling), a randomizer, a memory-index check, a ran-
dom symbol-offset generator, and a modulo operator. As
described above, the random main-seed generator may
include a spreader and a randomizer. Hereinafter, an opera-
tion of each block will be described.

The (cell) spreader may be operated using an upper portion
of'n-bitoftotal 12-bitand may function as a multiplexer based
on a look-up table. In the case of 4K FFT mode, the (cell)
spreader may be a 1-bit multiplexer (or toggling).

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, in the case of 4K FFT mode, the randomizer
may be a PN generator that considers 11-bit. This can be
changed according to a designer’s intention. Also the
spreader and the randomizer are operated through multi-
plexer and PN generator, respectively.

The memory-index check may not use seed when a
memory-index generated by the spreader and the randomizer
is greater than N ;,,, and may repeatedly operate the spreader
and the randomizer to adjust the output memory-index such
that the output memory-index does not exceed N, . The
N4z according to the embodiment of the present invention is
equal to the number of the data cells.

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-seed gener-
ated by the main-interleaving seed generator for each pair-
wise OFDM symbol. A detailed operation will be described
below.

The modulo operator may be operated when a result value,
obtained by adding a symbol-offset output by the random
symbol-offset generator for each pair-wise OFDM symbol to
the memory-index output by the memory-index check,
exceeds N,,,. Locations of the illustrated memory-index
check and modulo operator can be changed according to a
designer’s intention.

FIG. 43 illustrates expressions representing an operation of
a 4K FFT mode random seed generator according to an
embodiment of the present invention.

The expressions illustrated in an upper portion of FIG. 43
show initial value setting and primitive polynomial of a ran-
domizer. In this case, the primitive polynomial may be 11
primitive polynomial and the initial value may be changed by
arbitrary values.

The expressions illustrated in a lower portion of FIG. 43
show procedures of calculating and outputting main-inter-
leaving seed for an output signal of the spreader and the
randomizer. As illustrated in the expression, one random
symbol-offset may be applied to each pair-wise OFDM in the
same way.

FIG. 44 is a view illustrating a 4K FFT mode random
symbol-offset generator according to an embodiment of the
present invention.

As above described, the random symbol-offset generator
according to an embodiment of the present invention may
include k bits-spreader and (X-k) bits-randomizer.

Hereinafter, each block will be described.

The k bits-spreader may be operated through a 2% multi-
plexer and may be optimally designed to maximize inter-
symbol spreading properties (or to minimize correlation
properties).

The randomizer may be operated through a N bits-PN
generator and designed to provide randomness.
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The 4K FFT mode random symbol-offset generator may
include a 0/1/2 bits-spreader and a 12/11/10 bits-random
generator (or a PN generator). Details will be described
below.

FIG. 45 illustrates expressions showing operations of a
random symbol-offset generator and a random Symbol-offset
generator for 4K FFT mode including a 0 bits-spreader and a
12 bits-PN generator according to an embodiment of the
present invention.

(a) illustrates a random symbol-offset generator including
a 0 bits-spreader and a 12 bits-PN generator. (b) illustrates an
operation of a 4K FFT mode random Symbol-offset genera-
tor.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of the random-
izer. In this case, the primitive polynomial may be 12 primi-
tive polynomial and the initial value may be changed by
arbitrary values.

An expression illustrated in a lower portion of (b) shows a
procedure for calculating and outputting a symbol-offset for
output signals of a spreader and a randomizer. As illustrated in
the expression, the random symbol-offset generator may be
operated for each pair-wise OFDM symbol. Accordingly, the
length of an entire output offset may correspond to half of the
length of an entire OFDM symbol.

FIG. 46 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 4K FFT mode including a 1 bits-spreader and an
11 bits-PN generator according to an embodiment of the
present invention.

(a) shows the random symbol-offset generator including a
1 bits-spreader and an 11 bits-PN generator. (b) shows an
expression representing an operation of a 4K FFT mode ran-
dom symbol-offset generator.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 11% primitive
polynomial and the initial value may be changed by arbitrary
values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting a symbol-offset for
an output signal of the spreader and the randomizer. As illus-
trated in the expression, the random symbol-offset generator
may be operated for each pair-wise OFDM symbol. Accord-
ingly, the length of an entire output offset may correspond to
half of the length of an entire OFDM symbol.

FIG. 47 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 4K FFT mode including a 2 bits-spreader and a
10 bits-PN generator according to an embodiment of the
present invention.

(a) shows the random Symbol-offset generator including a
2 bits-spreader and a 10 bits-PN generator. (b) shows an
expression representing an operation of a 4K FFT mode ran-
dom symbol-offset generator.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 107 primitive
polynomial and the initial value may include arbitrary values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting a symbol-offset for
an output signal of the spreader and the randomizer. As illus-
trated in the expression, the random symbol-offset generator
may be operated for each pair-wise OFDM symbol. Accord-
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ingly, the length of an entire output offset may correspond to
half of the length of an entire OFDM symbol.

FIG. 48 is a view illustrating logical composition of a 4K
FFT mode random seed generator according to an embodi-
ment of the present invention.

As described above, the 4K FFT mode random seed gen-
erator according to an embodiment of the present invention
may include a random main interleaving-seed generator, a
random symbol-offset generator, a memory index check, and
a modulo operator.

FIG. 48 illustrates the logical composition of a 4K FFT
mode random seed generator formed by combining a random
main interleaving-seed generator and a random symbol-off-
set generator. FIG. 48 illustrates an embodiment of the ran-
dom main interleaving-seed generator including a 1 bit-
spreader and an 11 bits-randomizer, and an embodiment of
the random symbol-offset generator including a 2 bits-
spreader and a 10 bits-randomizer. Details thereof have been
described above and thus will be omitted here.

Hereinafter, a quasi-random interleaving seed generator
for 4K FFT mode will be described.

As described above, the quasi-random interleaving seed
generator according to an embodiment of the present inven-
tion may apply different interleaving seeds to respective
OFDM symbols to acquire frequency diversity. The logical
composition of the quasi-random interleaving seed generator
may include a main quasi-random seed generator ((or quasi-
random main interleaving-seed generator) (C,(K)) for inter-
leaving cells in a single OFDM symbol and a random symbol-
offset generator (S|, }) for changing a symbol offset.

The main quasi-random seed generator may generate the
aforementioned random FI parameter. That is, the main
quasi-random seed generator may generate seed for interleav-
ing cells in a single OFDM symbol.

The main quasi-random seed generator according to an
embodiment of the present invention may include a spreader
and a randomizer and perform rendering a full randomness in
frequency-domain. According to an embodiment of the
present invention, in the case of 4K FFT mode, the main
quasi-random seed generator may include a 3 bit spreader and
a 9 bit-randomizer. The main quasi-random seed generator or
the randomizer according to an embodiment of the present
invention may be referred as a main-PRBS generator which is
defined based on the 11-bit binary word sequence (or binary
sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset for each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for respective FFT modes. According to an
embodiment of the present invention, in the case of 4K FFT
mode, a (12-k) bits-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (12-k) bit binary word sequence (or binary
sequence).

The main roles of the spreader and the randomizer are as
follows.

Spreader: rendering a spreading effect to frequency inter-
leaving (FI)

Randomizer: rendering a random effect to FI

FIG. 49 is a view illustrating an output signal of a time
interleaver according to another embodiment of the present
invention.

The time interleaver according to an embodiment of the
present invention may perform a column-wise writing opera-
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tion and a row-wise reading operation on each FEC block
with a size of 5, as illustrated in a left portion of FIG. 49. A
right block of FIG. 49 indicates an output signal of the time
interleaver and the output signal is input to a frequency inter-
leaver 7020 according to an embodiment ofthe present inven-
tion.

Thus, one FEC block has a length of 5 in each F1 block and
agglomerate in a burst form. Thus, in order to increase the
robustness of a channel with strong burst error properties,
interleaving seed having high spreading properties as well as
high randomness is required. Accordingly, the aforemen-
tioned quasi-random interleaving seed generator may be
used.

FIG. 50 is a view illustrating a 4K FFT mode quasi-random
interleaving-seed generator according to an embodiment of
the present invention.

The 4K FFT mode quasi-random interleaving-seed genera-
tor according to an embodiment of the present invention may
include a spreader (3-bit toggling), a randomizer, a memory-
index check, a random symbol-offset generator, and a modulo
operator. As described above, the quasi-random main inter-
leaving-seed generator may include a spreader and a random-
izer. Hereinafter, an operation of each block will be described.

The spreader may be operated through an n-bit multiplexer
and may maximize (or minimize inter-cell correlation) inter-
cell spreading. In the case of 4K FFT mode, the spreader may
use a look-up table that considers 3-bit.

The randomizer may be operated as a (12-n) bits-PN gen-
erator and may provide randomness (or correlation proper-
ties). The randomizer according to an embodiment of the
present invention may include bit shuffling. The bit shuffling
optimizes spreading properties or random properties and is
designed in consideration of N,,,. In the case of 4K FFT
mode, the bit shuffling may use a 9-bit PN generator, which
can be changed.

The memory-index check may not use seed when a
memory-index generated by the spreader and the randomizer
is greater than N ;. , and may repeatedly operate the spreader
and the randomizer to adjust the output memory-index such
that the output memory-index does not exceed N,,,,.,.

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-seed gener-
ated by the main-interleaving seed generator for each pair-
wise OFDM symbol. A detailed operation has been described
with regard to the 4K FFT mode random main-seed generator
and is not described again here.

The modulo operator may be operated when a result value,
obtained by adding a symbol-offset output by the random
symbol-offset generator for each pair-wise OFDM symbol to
the memory-index output by the memory-index check,
exceeds N,,,. Locations of the illustrated memory-index
check and modulo operator can be changed according to a
designer’s intention.

FIG. 51 is expressions representing operations of 4K FFT
mode bit shuffling and 4K FFT mode quasi-random interleav-
ing seed generator according to an embodiment of the present
invention.

(a) illustrates an expression representing an operation of
the 4K FFT mode bit shuffling and (b) illustrates an expres-
sion representing an operation of the 4K FFT mode quasi-
random interleaving seed generator.

As illustrated in (a), the 4K FFT mode bit shuffling may
mix bits of registers of a PN generator during calculation of a
memory-index.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
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In this case, the primitive polynomial may be 9% primitive
polynomial and the initial value may be changed by arbitrary
values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting main-interleaving
seed for an output signal of the spreader and the randomizer.
As illustrated in the expression, one random symbol-offset
may be applied to each pair-wise OFDM symbol in the same
way.

FIG. 52 is a view illustrating logical composition of a 4K
FFT mode quasi-random interleaving seed generator accord-
ing to an embodiment of the present invention.

As described above, the 4K FFT mode quasi-random main
interleaving-seed generator according to an embodiment of
the present invention may include a quasi-random main inter-
leaving-seed generator, a random symbol-offset generator, a
memory index check, and a modulo operator.

FIG. 52 illustrates the logical composition of a 4K FFT
mode quasi-random interleaving seed generator formed by
combining a quasi-random main interleaving-seed generator
and a random symbol-offset generator. FIG. 52 illustrates an
embodiment of the quasi-random main interleaving-seed
generator including a 3 bit-spreader and a 9 bits-randomizer
and an embodiment of the random symbol-offset generator
including a 2 bits-spreader and a 10 bits-randomizer. Details
thereof have been described above and thus will be omitted
here.

Hereinafter, the random seed generator for an 8K FFT
mode will be described.

As described above, the random seed generator according
to an embodiment of the present invention may apply differ-
ent interleaving seeds to respective OFDM symbols to
acquire frequency diversity. Logical composition of the ran-
dom seed generator may include a random main-seed genera-
tor (or a random main interleaving-seed generator) (C,(K))
for interleaving cells in a single OFDM symbol and a random
symbol-offset generator (S, , ) for changing a symbol offset.

The random main-seed generator may generate the afore-
mentioned random FI parameter. That is, the random main-
seed generator may generate seed for interleaving cells in a
single OFDM symbol.

The random main-seed generator according to an embodi-
ment of the present invention may include a spreader and a
randomizer and perform rendering a full randomness in fre-
quency-domain. According to an embodiment of the present
invention, in the case of 8K FFT mode, the random main-seed
generator may include a 1 bit spreader and an 12 bit-random-
izer. The random main-seed generator or the randomizer
according to an embodiment of the present invention may be
referred as a main-PRBS generator which is defined based on
the 12-bit binary word sequence (or binary sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset of each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for the respective FFT modes. According to an
embodiment of the present invention, in the case of 8K FFT
mode, a (13-k) bit-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (13-k) bit binary word sequence (or binary
sequence).

10

20

25

30

40

45

50

54

The aforementioned spreader and randomizer may be used
to achieve spreading and random effects during generation of
the interleaving seed.

Details of the output signal of a time interleaver according
to an embodiment of the present invention have been
described above.

FIG. 53 is a view of an 8K FFT mode random seed gen-
erator according to an embodiment of the present invention.

The 8K FFT mode random seed generator according to an
embodiment of the present invention may include a spreader
(1-bit toggling), a randomizer, a memory-index check, a ran-
dom symbol-offset generator, and a modulo operator. As
described above, the random main-seed generator may
include a spreader and a randomizer. Hereinafter, an opera-
tion of each block will be described.

The (cell) spreader may be operated using an upper portion
of'n-bit of total 13-bit and may function as a multiplexer based
on a look-up table. In the case of 8K FFT mode, the (cell)
spreader may be a 1-bit multiplexer (or toggling).

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, in the case of 8K FFT mode, the randomizer
may be a PN generator that considers 12-bit. This can be
changed according to a designer’s intention. Also the
spreader and the randomizer are operated through multi-
plexer and PN generator, respectively.

The memory-index check may not use seed when a
memory-index generated by the spreader and the randomizer
is greater than N ;. , and may repeatedly operate the spreader
and the randomizer to adjust the output memory-index such
that the output memory-index does not exceed N,,,,. The
N 4. according to the embodiment of the present invention is
equal to the number of the data cells.

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-seed gener-
ated by the main-interleaving seed generator for each pair-
wise OFDM symbol. A detailed operation will be described
below.

The modulo operator may be operated when a result value,
obtained by adding a symbol-offset output by the random
symbol-offset generator for each pair-wise OFDM symbol to
the memory-index output by the memory-index check,
exceeds N,,,. Locations of the illustrated memory-index
check and modulo operator can be changed according to a
designer’s intention.

FIG. 54 illustrates expressions representing an operation of
an 8K FFT mode random seed generator according to an
embodiment of the present invention.

The expressions illustrated in an upper portion of FIG. 54
show initial value setting and primitive polynomial of a ran-
domizer. In this case, the primitive polynomial may be 12
primitive polynomial and the initial value may be changed by
arbitrary values.

The expressions illustrated in a lower portion of FIG. 54
show procedures of calculating and outputting main-inter-
leaving seed for an output signal of the spreader and the
randomizer. As illustrated in the expression, one random
symbol-offset may be applied to each pair-wise OFDM in the
same way.

FIG. 55 is a view illustrating an 8K FFT mode random
symbol-offset generator according to an embodiment of the
present invention.

As above described, the random symbol-offset generator
according to an embodiment of the present invention may
include k bits-spreader and (X-k) bits-randomizer.

Hereinafter, each block will be described.

The k bits-spreader may be operated through a 2% multi-
plexer and may be optimally designed to maximize inter-
symbol spreading properties (or to minimize correlation
properties).
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The randomizer may be operated through a N bits-PN
generator and designed to provide randomness.

The 8K FFT mode random symbol-offset generator may
include a 0/1/2 bits-spreader and a 13/12/11 bits-random
generator (or a PN generator). Details will be described
below.

FIG. 56 illustrates expressions showing operations of a
random symbol-offset generator and a random Symbol-offset
generator for 8K FFT mode including a 0 bits-spreader and a
13 bits-PN generator according to an embodiment of the
present invention.

(a) illustrates a random symbol-offset generator including
a 0 bits-spreader and a 13 bits-PN generator. (b) illustrates an
operation of an 8K FFT mode random Symbol-offset genera-
tor.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of the random-
izer. In this case, the primitive polynomial may be 13% primi-
tive polynomial and the initial value may be changed by
arbitrary values.

An expression illustrated in a lower portion of (b) shows a
procedure for calculating and outputting a symbol-offset for
output signals of a spreader and a randomizer. As illustrated in
the expression, the random symbol-offset generator may be
operated for each pair-wise OFDM symbol. Accordingly, the
length of an entire output offset may correspond to half of the
length of an entire OFDM symbol.

FIG. 57 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 8K FFT mode including a 1 bits-spreader and an
12 bits-PN generator according to an embodiment of the
present invention.

(a) shows the random symbol-offset generator including a
1 bits-spreader and a 12 bits-PN generator. (b) shows an
expression representing an operation of an 8K FFT mode
random symbol-offset generator.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 12% primitive
polynomial and the initial value may be changed by arbitrary
values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting a symbol-offset for
an output signal of the spreader and the randomizer. As illus-
trated in the expression, the random symbol-offset generator
may be operated for each pair-wise OFDM symbol. Accord-
ingly, the length of an entire output offset may correspond to
half of the length of an entire OFDM symbol.

FIG. 58 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 8K FFT mode including a 2 bits-spreader and an
11 bits-PN generator according to an embodiment of the
present invention.

(a) shows the random Symbol-offset generator including a
2 bits-spreader and an 11 bits-PN generator. (b) shows an
expression representing an operation of an 8K FFT mode
random symbol-offset generator.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 11? primitive
polynomial and the initial value may include arbitrary values.
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An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting a symbol-offset for
an output signal of the spreader and the randomizer. As illus-
trated in the expression, the random symbol-offset generator
may be operated for each pair-wise OFDM symbol. Accord-
ingly, the length of an entire output offset may correspond to
half of the length of an entire OFDM symbol.

FIG. 59 is a view illustrating logical composition of an 8K
FFT mode random seed generator according to an embodi-
ment of the present invention.

As described above, the 8K FFT random seed generator
according to an embodiment of the present invention may
include a random main interleaving-seed generator, a random
symbol-offset generator, a memory index check, and a
modulo operator.

FIG. 59 illustrates the logical composition of an 8K FFT
mode random seed generator formed by combining a random
main interleaving-seed generator and a random symbol-off-
set generator. FIG. 59 illustrates an embodiment of the ran-
dom main interleaving-seed generator including a 1 bit-
spreader and a 12 bits-randomizer, and an embodiment of the
random symbol-offset generator including a 2 bits-spreader
and an 11 bits-randomizer. Details thereof have been
described above and thus will be omitted here.

Hereinafter, a quasi-random interleaving seed generator
for 8K FFT mode will be described.

As described above, the quasi-random interleaving seed
generator according to an embodiment of the present inven-
tion may apply different interleaving seeds to respective
OFDM symbols to acquire frequency diversity. The logical
composition of the quasi-random interleaving seed generator
may include a main quasi-random seed generator (or quasi-
random main interleaving-seed generator) (C,(K)) for inter-
leaving cells in a single OFDM symbol and a random symbol-
offset generator (S|, }) for changing a symbol offset.

The main quasi-random seed generator may generate the
aforementioned random FI parameter. That is, the main
quasi-random seed generator may generate seed for interleav-
ing cells in a single OFDM symbol.

The main quasi-random seed generator according to an
embodiment of the present invention may include a spreader
and a randomizer and perform rendering a full randomness in
frequency-domain. According to an embodiment of the
present invention, in the case of 8K FFT mode, the main
quasi-random seed generator may include a 3 bit spreader and
a 10 bit-randomizer. The quasi-random seed generator or the
randomizer according to an embodiment of the present inven-
tion may be referred as a main-PRBS generator which is
defined based on the 10-bit binary word sequence (or binary
sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset for each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for respective FFT modes. According to an
embodiment of the present invention, in the case of 8K FFT
mode, a (13-k) bits-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (13-k) bit binary word sequence (or binary
sequence).

The main roles of the spreader and the randomizer are as
follows.
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Spreader: rendering a spreading effect to frequency inter-
leaving (FI)

Randomizer: rendering a random effect to FI

Details of the output signal of a time interleaver according
to an embodiment of the present invention have been
described above.

FIG. 60 is a view illustrating an 8K FFT mode quasi-
random interleaving seed generator according to an embodi-
ment of the present invention.

The 8K FFT mode quasi-random interleaving seed genera-
tor according to an embodiment of the present invention may
include a spreader (3-bit toggling), a randomizer, a memory-
index check, a random symbol-offset generator, and a modulo
operator. As described above, the quasi-random main inter-
leaving-seed generator may include a spreader and a random-
izer. Hereinafter, an operation of each block will be described.

The spreader may be operated through an n-bit multiplexer
and may maximize (or minimize inter-cell correlation) inter-
cell spreading. In the case of 8K FFT mode, the spreader may
use a look-up table that considers 3-bit.

The randomizer may be operated as a (13-n) bits-PN gen-
erator and may provide randomness (or correlation proper-
ties). The randomizer according to an embodiment of the
present invention may include bit shuffling. The bit shuffling
optimizes spreading properties or random properties and is
designed in consideration of N,,,,. In the case of 8K FFT
mode, the bit shuffling may use a 10-bit PN generator, which
can be changed.

The memory-index check may not use seed when a
memory-index generated by the spreader and the randomizer
is greater than N, and may repeatedly operate the spreader
and the randomizer to adjust the output memory-index such
that the output memory-index does not exceed N,

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-seed gener-
ated by the main-interleaving seed generator for each pair-
wise OFDM symbol. A detailed operation has been described
with regard to the 8K FFT mode random main-seed generator
and is not described again here.

The modulo operator may be operated when a result value,
obtained by adding a symbol-offset output by the random
symbol-offset generator for each pair-wise OFDM symbol to
the memory-index output by the memory-index check,
exceeds N,,,. Locations of the illustrated memory-index
check and modulo operator can be changed according to a
designer’s intention.

FIG. 61 is expressions representing operations of 8K FFT
mode bit shuffling and 8K FFT mode quasi-random interleav-
ing seed generator according to an embodiment of the present
invention.

(a) illustrates an expression representing an operation of
the 8K FFT mode bit shuffling and (b) illustrates an expres-
sion representing an operation of the 8K FFT mode quasi-
random interleaving seed generator.

As illustrated in (a), the 8K FFT mode bit shuffling may
mix bits of registers of a PN generator during calculation of a
memory-index.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 10? primitive
polynomial and the initial value may be changed by arbitrary
values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting main-interleaving
seed for an output signal of the spreader and the randomizer.
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As illustrated in the expression, one random symbol-offset
may be applied to each pair-wise OFDM symbol in the same
way.

FIG. 62 is a view illustrating logical composition of an 8K
FFT mode quasi-random interleaving seed generator accord-
ing to an embodiment of the present invention.

As described above, the 8K FFT mode quasi-random inter-
leaving seed generator according to an embodiment of the
present invention may include a quasi-random main inter-
leaving-seed generator, a random symbol-offset generator, a
memory index check, and a modulo operator.

FIG. 62 illustrates the logical composition of an 8K FFT
mode quasi-random interleaving seed generator formed by
combining a quasi-random main interleaving-seed generator
and a random symbol-offset generator. FIG. 62 illustrates an
embodiment of the quasi-random main interleaving-seed
generator including a 3 bit-spreader and a 10 bits-randomizer
and an embodiment of the random symbol-offset generator
including a 2 bits-spreader and an 11 bits-randomizer. Details
thereof have been described above and thus will be omitted
here.

Hereinafter, the random seed generator for a 16K FFT
mode will be described.

As described above, the random seed generator according
to an embodiment of the present invention may apply differ-
ent interleaving seeds to respective OFDM symbols to
acquire frequency diversity. Logical composition of the ran-
dom seed generator may include a random main-seed genera-
tor (or a random main interleaving-seed generator) (C,(K))
for interleaving cells in a single OFDM symbol and a random
symbol-offset generator (S, , ) for changing a symbol offset.

The random main-seed generator may generate the afore-
mentioned random FI parameter. That is, the random main-
seed generator may generate seed for interleaving cells in a
single OFDM symbol.

The random main-seed generator according to an embodi-
ment of the present invention may include a spreader and a
randomizer and perform rendering a full randomness in fre-
quency-domain. According to an embodiment of the present
invention, in the case of 16K FFT mode, the random main-
seed generator may include a 1 bit spreader and an 13 bit-
randomizer. The random main-seed generator or the random-
izer according to an embodiment of the present invention may
be referred as a main-PRBS generator which is defined based
on the 13-bit binary word sequence (or binary sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset of each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for the respective FFT modes. According to an
embodiment of the present invention, in the case of 16K FFT
mode, a (14-k) bit-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (14-k) bit binary word sequence (or binary
sequence).

The aforementioned spreader and randomizer may be used
to achieve spreading and random effects during generation of
the interleaving seed.

Details of the output signal of a time interleaver according
to an embodiment of the present invention have been
described above.
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FIG. 63 is a view of a 16K FFT mode random seed gen-
erator according to an embodiment of the present invention.

The 16K FFT mode random seed generator according to an
embodiment of the present invention may include a spreader
(1-bit toggling), a randomizer, a memory-index check, a ran-
dom symbol-offset generator, and a modulo operator. As
described above, the random main-seed generator may
include a spreader and a randomizer. Hereinafter, an opera-
tion of each block will be described.

The (cell) spreader may be operated using an upper portion
of'n-bit oftotal 14-bit and may function as a multiplexer based
on a look-up table. In the case of 16K FFT mode, the (cell)
spreader may be a 1-bit multiplexer (or toggling).

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, in the case of 16K FFT mode, the random-
izer may be a PN generator that considers 13-bit. This can be
changed according to a designer’s intention. Also the
spreader and the randomizer are operated through multi-
plexer and PN generator, respectively.

The memory-index check may not use seed when a
memory-index generated by the spreader and the randomizer
is greater than N ;,,, and may repeatedly operate the spreader
and the randomizer to adjust the output memory-index such
that the output memory-index does not exceed N,,,. The
N4z according to the embodiment of the present invention is
equal to the number of the data cells.

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-seed gener-
ated by the main-interleaving seed generator for each pair-
wise OFDM symbol. A detailed operation will be described
below.

The modulo operator may be operated when a result value,
obtained by adding a symbol-offset output by the random
symbol-offset generator for each pair-wise OFDM symbol to
the memory-index output by the memory-index check,
exceeds N,,,. Locations of the illustrated memory-index
check and modulo operator can be changed according to a
designer’s intention.

FIG. 64 illustrates expressions representing an operation of
a 16K FFT mode random seed generator according to an
embodiment of the present invention.

The expressions illustrated in an upper portion of FIG. 64
show initial value setting and primitive polynomial of a ran-
domizer. In this case, the primitive polynomial may be 13
primitive polynomial and the initial value may be changed by
arbitrary values.

The expressions illustrated in a lower portion of FIG. 64
show procedures of calculating and outputting main-inter-
leaving seed for an output signal of the spreader and the
randomizer. As illustrated in the expression, one random
symbol-offset may be applied to each pair-wise OFDM in the
same way.

FIG. 65 is a view illustrating a 16K FFT mode random
symbol-offset generator according to an embodiment of the
present invention.

As above described, the random symbol-offset generator
according to an embodiment of the present invention may
include k bits-spreader and (X-k) bits-randomizer.

Hereinafter, each block will be described.

The k bits-spreader may be operated through a 2% multi-
plexer and may be optimally designed to maximize inter-
symbol spreading properties (or to minimize correlation
properties).

The randomizer may be operated through a N bits-PN
generator and designed to provide randomness.

10

15

20

25

30

35

40

45

50

55

60

65

60

The 16K FFT mode random symbol-offset generator may
include a 0/1/2 bits-spreader and a 14/13/12 bits-random
generator (or a PN generator). Details will be described
below.

FIG. 66 illustrates expressions showing operations of a
random symbol-offset generator and a random Symbol-offset
generator for 16K FFT mode including a 0 bits-spreader and
a 14 bits-PN generator according to an embodiment of the
present invention.

(a) illustrates a random symbol-offset generator including
a 0 bits-spreader and a 14 bits-PN generator. (b) illustrates an
operation of a 16K FFT mode random Symbol-offset genera-
tor.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of the random-
izer. In this case, the primitive polynomial may be 14” primi-
tive polynomial and the initial value may be changed by
arbitrary values.

An expression illustrated in a lower portion of (b) shows a
procedure for calculating and outputting a symbol-offset for
output signals of a spreader and a randomizer. As illustrated in
the expression, the random symbol-offset generator may be
operated for each pair-wise OFDM symbol. Accordingly, the
length of an entire output offset may correspond to half of the
length of an entire OFDM symbol.

FIG. 67 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 16K FFT mode including a 1 bits-spreader and
a 13 bits-PN generator according to an embodiment of the
present invention.

(a) shows the random symbol-offset generator including a
1 bits-spreader and a 13 bits-PN generator. (b) shows an
expression representing an operation of a 16K FFT mode
random symbol-offset generator.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 13% primitive
polynomial and the initial value may be changed by arbitrary
values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting a symbol-offset for
an output signal of the spreader and the randomizer. As illus-
trated in the expression, the random symbol-offset generator
may be operated for each pair-wise OFDM symbol. Accord-
ingly, the length of an entire output offset may correspond to
half of the length of an entire OFDM symbol.

FIG. 68 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 16K FFT mode including a 2 bits-spreader and
a 12 bits-PN generator according to an embodiment of the
present invention.

(a) shows the random Symbol-offset generator including a
2 bits-spreader and a 12 bits-PN generator. (b) shows an
expression representing an operation of a 16K FFT mode
random symbol-offset generator.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 12 primitive
polynomial and the initial value may include arbitrary values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting a symbol-offset for
an output signal of the spreader and the randomizer. As illus-
trated in the expression, the random symbol-offset generator
may be operated for each pair-wise OFDM symbol. Accord-
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ingly, the length of an entire output offset may correspond to
half of the length of an entire OFDM symbol.

FIG. 69 is a view illustrating logical composition ofa 16K
FFT mode random seed generator according to an embodi-
ment of the present invention.

As described above, the 16K FFT mode random seed gen-
erator according to an embodiment of the present invention
may include a random main interleaving-seed generator, a
random symbol-offset generator, a memory index check, and
a modulo operator.

FIG. 69 illustrates the logical composition of a 16K FFT
mode random seed generator formed by combining a random
main interleaving-seed generator and a random symbol-off-
set generator. FIG. 69 illustrates an embodiment of the ran-
dom main interleaving-seed generator including a 1 bit-
spreader and an 13 bits-randomizer, and an embodiment of
the random symbol-offset generator including a 2 bits-
spreader and a 12 bits-randomizer. Details thereof have been
described above and thus will be omitted here.

Hereinafter, a quasi-random interleaving seed generator
for 16K FFT mode will be described.

As described above, the quasi-random interleaving seed
generator according to an embodiment of the present inven-
tion may apply different interleaving seeds to respective
OFDM symbols to acquire frequency diversity. The logical
composition of the quasi-random interleaving seed generator
may include a main quasi-random seed generator (or quasi-
random main interleaving-seed generator) (C,(K)) for inter-
leaving cells in a single OFDM symbol and a random symbol-
offset generator (S, ) for changing a symbol offset.

The main quasi-random seed generator may generate the
aforementioned random FI parameter. That is, the main
quasi-random seed generator may generate seed for interleav-
ing cells in a single OFDM symbol.

The main quasi-random seed generator according to an
embodiment of the present invention may include a spreader
and a randomizer and perform rendering a full randomness in
frequency-domain. According to an embodiment of the
present invention, in the case of 16K FFT mode, the main
quasi-random seed generator may include a 3 bit spreader and
an 11 bit-randomizer. The main quasi-random seed generator
or randomizer according to an embodiment of the present
invention may be referred as a main-PRBS generator which is
defined based on the 11-bit binary word sequence (or binary
sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset for each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for respective FFT modes. According to an
embodiment of the present invention, in the case of 16K FFT
mode, a (14-k) bits-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (14-k) bit binary word sequence (or binary
sequence).

The main roles of the spreader and the randomizer are as
follows.

Spreader: rendering a spreading effect to frequency inter-
leaving (FI)

Randomizer: rendering a random effect to FI

Details of the output signal of a time interleaver according
to an embodiment of the present invention have been
described above.
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FIG. 70 is a view illustrating a 16K FFT mode quasi-
random interleaving seed generator according to an embodi-
ment of the present invention.

The 16K FFT mode quasi-random interleaving seed gen-
erator according to an embodiment of the present invention
may include a spreader (3-bit toggling), a randomizer, a
memory-index check, a random symbol-offset generator, and
a modulo operator. As described above, the random main-
seed generator may include a spreader and a randomizer.
Hereinafter, an operation of each block will be described.

The spreader may be operated through an n-bit multiplexer
and may maximize (or minimize inter-cell correlation) inter-
cell spreading. In the case of 16K FFT mode, the spreader
may use a look-up table that considers 3-bit.

The randomizer may be operated as a (14-n) bits-PN gen-
erator and may provide randomness (or correlation proper-
ties). The randomizer according to an embodiment of the
present invention may include bit shuffling. The bit shuffling
optimizes spreading properties or random properties and is
designed in consideration of N, . In the case of 16K FFT
mode, the bit shuffling may use an 11-bit PN generator, which
can be changed.

The memory-index check may not use seed when a
memory-index generated by the spreader and the randomizer
is greater than N ;. , and may repeatedly operate the spreader
and the randomizer to adjust the output memory-index such
that the output memory-index does not exceed N,,,,.,.

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-seed gener-
ated by the main-interleaving seed generator for each pair-
wise OFDM symbol. A detailed operation has been described
with regard to the 16K FFT mode random main-seed genera-
tor and is not described again here.

The modulo operator may be operated when a result value,
obtained by adding a symbol-offset output by the random
symbol-offset generator for each pair-wise OFDM symbol to
the memory-index output by the memory-index check,
exceeds N,,,. Locations of the illustrated memory-index
check and modulo operator can be changed according to a
designer’s intention.

FIG. 71 is expressions representing operations of 16K FFT
mode bit shuffling and 16K FFT mode quasi-random inter-
leaving seed generator according to an embodiment of the
present invention.

(a) illustrates an expression representing an operation of
the 16K FFT mode bit shuffling and (b) illustrates an expres-
sion representing an operation of the 16K FFT mode quasi-
random interleaving seed generator.

As illustrated in (a), the 16K FFT mode bit shuffling may
mix bits of registers of a PN generator during calculation of a
memory-index.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 11? primitive
polynomial and the initial value may be changed by arbitrary
values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting main-interleaving
seed for an output signal of the spreader and the randomizer.
As illustrated in the expression, one random symbol-offset
may be applied to each pair-wise OFDM symbol in the same
way.

FIG. 72 is a view illustrating logical composition of a 16K
FFT mode quasi-random interleaving seed generator accord-
ing to an embodiment of the present invention.

As described above, the 16K FFT mode quasi-random
interleaving seed generator according to an embodiment of
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the present invention may include a quasi-random main inter-
leaving-seed generator, a random symbol-offset generator, a
memory index check, and a modulo operator.

FIG. 72 illustrates the logical composition of a 16K FFT
mode quasi-random interleaving seed generator formed by
combining a quasi-random main interleaving-seed generator
and a random symbol-offset generator. FIG. 72 illustrates an
embodiment of the quasi-random main interleaving-seed
generator including a 3 bit-spreader and an 11 bits-random-
izer and an embodiment of the random symbol-offset genera-
tor including a 2 bits-spreader and a 12 bits-randomizer.
Details thereof have been described above and thus will be
omitted here.

Hereinafter, the random seed generator for a 32K FFT
mode will be described.

As described above, the random seed generator according
to an embodiment of the present invention may apply differ-
ent interleaving seeds to respective OFDM symbols to
acquire frequency diversity. Logical composition of the ran-
dom seed generator may include a random main-seed genera-
tor (or a random main interleaving-seed generator) (C,(K))
for interleaving cells in a single OFDM symbol and a random
symbol-offset generator (S, ,, ) for changing a symbol offset.

The random main-seed generator may generate the afore-
mentioned random FI parameter. That is, the random main-
seed generator may generate seed for interleaving cells in a
single OFDM symbol.

The random main-seed generator according to an embodi-
ment of the present invention may include a spreader and a
randomizer and perform rendering a full randomness in fre-
quency-domain. According to an embodiment of the present
invention, in the case of 32K FFT mode, the random main-
seed generator may include a 1 bit spreader and an 14 bit-
randomizer. The random main-seed generator or the random-
izer according to an embodiment of the present invention may
be referred as a main-PRBS generator which is defined based
on the 14-bit binary word sequence (or binary sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset of each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for the respective FFT modes. According to an
embodiment of the present invention, in the case of 32K FFT
mode, a (15-k) bit-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (15-k) bit binary word sequence (or binary
sequence).

The aforementioned spreader and randomizer may be used
to achieve spreading and random effects during generation of
the interleaving seed.

Details of the output signal of a time interleaver according
to an embodiment of the present invention have been
described above.

FIG. 73 is a view of a 32K FFT mode random seed gen-
erator according to an embodiment of the present invention.

The 32K FFT mode random seed generator according to an
embodiment of the present invention may include a spreader
(1-bit toggling), a randomizer, a memory-index check, a ran-
dom symbol-offset generator, and a modulo operator. As
described above, the random main-seed generator may
include a spreader and a randomizer. Hereinafter, an opera-
tion of each block will be described.
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The (cell) spreader may be operated using an upper portion
of'n-bit oftotal 15-bit and may function as a multiplexer based
on a look-up table. In the case of 32K FFT mode, the (cell)
spreader may be a 1-bit multiplexer (or toggling).

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, in the case of 32K FFT mode, the random-
izer may be a PN generator that considers 14-bit. This can be
changed according to a designer’s intention. Also the
spreader and the randomizer are operated through multi-
plexer and PN generator, respectively.

The memory-index check may not use seed when a
memory-index generated by the spreader and the randomizer
is greater than N, and may repeatedly operate the spreader
and the randomizer to adjust the output memory-index such
that the output memory-index does not exceed N,,,,. The
N uro according to the embodiment of the present invention is
equal to the number of the data cells.

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-seed gener-
ated by the main-interleaving seed generator for each pair-
wise OFDM symbol. A detailed operation will be described
below.

The modulo operator may be operated when a result value,
obtained by adding a symbol-offset output by the random
symbol-offset generator for each pair-wise OFDM symbol to
the memory-index output by the memory-index check,
exceeds N,,,. Locations of the illustrated memory-index
check and modulo operator can be changed according to a
designer’s intention.

FIG. 74 illustrates expressions representing an operation of
a 32K FFT mode random seed generator according to an
embodiment of the present invention.

The expressions illustrated in an upper portion of FIG. 74
show initial value setting and primitive polynomial of a ran-
domizer. In this case, the primitive polynomial may be 14
primitive polynomial and the initial value may be changed by
arbitrary values.

The expressions illustrated in a lower portion of FIG. 74
show procedures of calculating and outputting main-inter-
leaving seed for an output signal of the spreader and the
randomizer. As illustrated in the expression, one random
symbol-offset may be applied to each pair-wise OFDM in the
same way.

FIG. 75 is a view illustrating a 32K FFT mode random
symbol-offset generator according to an embodiment of the
present invention.

As above described, the random symbol-offset generator
according to an embodiment of the present invention may
include k bits-spreader and (X-k) bits-randomizer.

Hereinafter, each block will be described.

The k bits-spreader may be operated through a 2% multi-
plexer and may be optimally designed to maximize inter-
symbol spreading properties (or to minimize correlation
properties).

The randomizer may be operated through a N bits-PN
generator and designed to provide randomness.

The 32K FFT mode random symbol-offset generator may
include a 0/1/2 bits-spreader and a 15/14/13 bits-random
generator (or a PN generator). Details will be described
below.

FIG. 76 illustrates expressions showing operations of a
random symbol-offset generator and a random Symbol-offset
generator for 32K FFT mode including a 0 bits-spreader and
a 15 bits-PN generator according to an embodiment of the
present invention.
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(a) illustrates a random symbol-offset generator including
a 0 bits-spreader and a 15 bits-PN generator. (b) illustrates an
operation of a 32K FFT mode random Symbol-offset genera-
tor.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of the random-
izer. In this case, the primitive polynomial may be 12 primi-
tive polynomial and the initial value may be changed by
arbitrary values.

An expression illustrated in a lower portion of (b) shows a
procedure for calculating and outputting a symbol-offset for
output signals of a spreader and a randomizer. As illustrated in
the expression, the random symbol-offset generator may be
operated for each pair-wise OFDM symbol. Accordingly, the
length of an entire output offset may correspond to half of the
length of an entire OFDM symbol.

FIG. 77 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 32K FFT mode including a 1 bits-spreader and
an 14 bits-PN generator according to an embodiment of the
present invention.

(a) shows the random symbol-offset generator including a
1 bits-spreader and an 14 bits-PN generator. (b) shows an
expression representing an operation of a 32K FFT mode
random symbol-offset generator.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 147 primitive
polynomial and the initial value may be changed by arbitrary
values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting a symbol-offset for
an output signal of the spreader and the randomizer. As illus-
trated in the expression, the random symbol-offset generator
may be operated for each pair-wise OFDM symbol. Accord-
ingly, the length of an entire output offset may correspond to
half of the length of an entire OFDM symbol.

FIG. 78 illustrates expressions illustrating operations of a
random symbol-offset generator and a random Symbol-offset
generator for 32K FFT mode including a 2 bits-spreader and
a 13 bits-PN generator according to an embodiment of the
present invention.

(a) shows the random Symbol-offset generator including a
2 bits-spreader and a 13 bits-PN generator. (b) shows an
expression representing an operation of a 32K FFT mode
random symbol-offset generator.

The random symbol-offset generator illustrated in (a) may
be operated for each pair-wise OFDM symbol.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 13# primitive
polynomial and the initial value may include arbitrary values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting a symbol-offset for
an output signal of the spreader and the randomizer. As illus-
trated in the expression, the random symbol-offset generator
may be operated for each pair-wise OFDM symbol. Accord-
ingly, the length of an entire output offset may correspond to
half of the length of an entire OFDM symbol.

FIG. 79 is a view illustrating logical composition of' a 32K
FFT mode random seed generator according to an embodi-
ment of the present invention.
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As described above, the 32K FFT mode random seed gen-
erator according to an embodiment of the present invention
may include a random main interleaving-seed generator, a
random symbol-offset generator, a memory index check, and
a modulo operator.

FIG. 79 illustrates the logical composition of a 32K FFT
mode random seed generator formed by combining a random
main interleaving-seed generator and a random symbol-off-
set generator. FIG. 79 illustrates an embodiment of the ran-
dom main interleaving-seed generator including a 1 bit-
spreader and an 14 bits-randomizer, and an embodiment of
the random symbol-offset generator including a 2 bits-
spreader and a 13 bits-randomizer. Details thereof have been
described above and thus will be omitted here.

Hereinafter, a quasi-random interleaving seed generator
for 32K FFT mode will be described.

As described above, the quasi-random interleaving seed
generator according to an embodiment of the present inven-
tion may apply different interleaving seeds to respective
OFDM symbols to acquire frequency diversity. The logical
composition of the quasi-random interleaving seed generator
may include a main quasi-random seed generator (or quasi-
random main interleaving-seed generator) (C,(K)) for inter-
leaving cells in a single OFDM symbol and a random symbol-
offset generator (S, ) for changing a symbol offset.

The main quasi-random seed generator may generate the
aforementioned random FI parameter. That is, the main
quasi-random seed generator may generate seed for interleav-
ing cells in a single OFDM symbol.

The main quasi-random seed generator according to an
embodiment of the present invention may include a spreader
and a randomizer and perform rendering a full randomness in
frequency-domain. According to an embodiment of the
present invention, in the case of 32K FFT mode, the main
quasi-random seed generator may include a 3 bit spreader and
an 12 bit-randomizer. The main quasi-random seed generator
or the randomizer according to an embodiment of the present
invention may be referred as a main-PRBS generator which is
defined based on the 12-bit binary word sequence (or binary
sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset for each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for respective FFT modes. According to an
embodiment of the present invention, in the case of 16K FFT
mode, a (15-k) bits-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (15-k) bit binary word sequence (or binary
sequence).

The main roles of the spreader and the randomizer are as
follows.

Spreader: rendering a spreading effect to frequency inter-
leaving (FI)

Randomizer: rendering a random eftect to FI

Details of the output signal of a time interleaver according
to an embodiment of the present invention have been
described above.

FIG. 80 is a view illustrating a 32K FFT mode quasi-
random interleaving seed generator according to an embodi-
ment of the present invention.
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The 32K FFT mode quasi-random interleaving seed gen-
erator according to an embodiment of the present invention
may include a spreader (3-bit toggling), a randomizer, a
memory-index check, a random symbol-offset generator, and
a modulo operator. As described above, the quasi-random
main-seed generator may include a spreader and a random-
izer. Hereinafter, an operation of each block will be described.

The spreader may be operated through an n-bit multiplexer
and may maximize (or minimize inter-cell correlation) inter-
cell spreading. In the case of 32K FFT mode, the spreader
may use a look-up table that considers 3-bit.

The randomizer may be operated as a (15-n) bits-PN gen-
erator and may provide randomness (or correlation proper-
ties). The randomizer according to an embodiment of the
present invention may include bit shuffling. The bit shuffling
optimizes spreading properties or random properties and is
designed in consideration of N . In the case of 32K FFT
mode, the bit shuffling may use a 9-bit PN generator, which
can be changed.

The memory-index check may not use seed when a
memory-index generated by the spreader and the randomizer
is greater than N ;,,, and may repeatedly operate the spreader
and the randomizer to adjust the output memory-index such
that the output memory-index does not exceed N,

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-seed gener-
ated by the main-interleaving seed generator for each pair-
wise OFDM symbol. A detailed operation has been described
with regard to the 32K FFT mode random main-seed genera-
tor and is not described again here.

The modulo operator may be operated when a result value,
obtained by adding a symbol-offset output by the random
symbol-offset generator for each pair-wise OFDM symbol to
the memory-index output by the memory-index check,
exceeds N, .. Locations of the illustrated memory-index
check and modulo operator can be changed according to a
designer’s intention.

FIG. 81 is expressions representing operations of 32K FFT
mode bit shuffling and 32K FFT mode quasi-random inter-
leaving seed generator according to an embodiment of the
present invention.

(a) illustrates an expression representing an operation of
the 32K FFT mode bit shuffling and (b) illustrates an expres-
sion representing an operation of the 32K FFT mode quasi-
random interleaving seed generator.

As illustrated in (a), the 32K FFT mode bit shuffling may
mix bits of registers of a PN generator during calculation of a
memory-index.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 12% primitive
polynomial and the initial value may be changed by arbitrary
values.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting main-interleaving
seed for an output signal of the spreader and the randomizer.
As illustrated in the expression, one random symbol-offset
may be applied to each pair-wise OFDM symbol in the same
way.

FIG. 82 is a view illustrating logical composition of a 32K
FFT mode quasi-random interleaving seed generator accord-
ing to an embodiment of the present invention.

As described above, the 32K FFT mode quasi-random
interleaving seed generator according to an embodiment of
the present invention may include a quasi-random main inter-
leaving-seed generator, a random symbol-offset generator, a
memory index check, and a modulo operator.
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FIG. 82 illustrates the logical composition of a 32K FFT
mode quasi-random interleaving seed generator formed by
combining a quasi-random main interleaving-seed generator
and a random symbol-offset generator. FIG. 82 illustrates an
embodiment of the quasi-random main interleaving-seed
generator including a 3 bit-spreader and a 12 bits-randomizer
and an embodiment of the random symbol-offset generator
including a 2 bits-spreader and a 13 bits-randomizer. Details
thereof have been described above and thus will be omitted
here.

FIG. 83 is a change procedure for an interleaving seed in
each memory bank according to another embodiment of the
present invention.

The block illustrated in an upper portion of FIG. 83 shows
expressions for the first OFDM symbol, i.e., (j mod 2)=0 of
the ith OFDM symbol pair. The block illustrated in a lower
portion of FIG. 83 shows expressions for the second OFDM
symbol, i.e., (j mod 2)=1 of the ith OFDM symbol pair.

The word “a random generator” illustrated each portion of
FIG. 83 may be a random interleaving-sequence generator
described as follows. The random interleaving-sequence gen-
erator according to an embodiment of the present invention
may be included in the frequency interleaver 7020.

T(k) illustrated in an upper portion of FIG. 83 is a random
sequence, it can be used as a same concept of a main random
interleaving sequence or a single interleaving seed (or an
interleaving seed). The Random sequence may be generated
in a random interleaving-sequence generator or a random
main-sequence generator which will be described later. S, ;5
is a symbol offset and be referred as a cyclic shifting value.
The cyclic shifting value can be generated based on sub PRBS
sequence. The details will be described later.

The interleaving process for the OFDM symbol pair in
each memory bank-A/B is described as above, exploiting a
single interleaving-seed. The available data cells (the output
cells from the cell mapper 7010) to be interleaved in one
OFDM symbol. The N,,, according to the embodiment of
the present invention is equal to the number of the data cells.
The maximum value of the N, can be referred as N, . and
N, is differently defined according to each FFT mode. For
the OFDM symbol pair in each memory bank, the interleaved
OFDM symbol pair is shown in FIG. 83.

Hj(k) is the interleaving address for the interleaving seed
generated by a random interleaving-sequence generator for
each FFT mode. The composition of the random interleaving-
sequence generator will be described later. As described
above, the purpose of the frequency interleaver 7020, which
operates on a single OFDM symbol, is to provide frequency
diversity by randomly interleaving data cells. In order to get
maximum interleaving gain in a single frame, a different
interleaving-seed is used for every OFDM symbol pair com-
prised of two sequential OFDM symbols. As shown in FIG.
83, different interleaving seed can be generated based on the
interleaving address generated by a random interleaving-se-
quence generator. Also, the different interleaving seed can be
generated based on the cyclic shifting value as above men-
tioned. That means, the different interleaving address to be
used every symbol pair may be generated by using the cyclic
shifting value for every OFDM symbol pair.

As described above, an OFDM generation block 1030 may
perform FFT transformation on input data. Hereinafter, an
operation of the frequency interleaver 7020 having the ran-
dom interleaving-sequence generator according to another
embodiment will be described. The random interleaving-se-
quence generator may be another embodiment of the inter-
leaving seed generator which is described above. Therefore,
the random interleaving-sequence generator may be referred
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as the random seed generator or the quasi-random interleav-
ing seed generator or the interleaving address generator and it
may be changed by the designer’s intention. The random
interleaving-sequence generator may include a first generator
and a second generator. The first generator is for generating a
main interleaving seed generator and the second generator is
for generating a symbol offset. The name of the first generator
and the second generator can be changed according to the
designer’s indention.

As described above, an FFT size according to an embodi-
ment of the present invention may be 4K, 8K, 16K, 32K, or
the like, and it can be changed according to the designer’s
intention.

Hereinafter, the random interleaving-sequence generator
for a 4K FFT mode will be described. The random interleav-
ing-sequence generator according to an embodiment of the
present invention may be included in the frequency inter-
leaver 7020 and is similar to the random seed generator men-
tioned (mentioned above), the random interleaving-sequence
generator has a different structure from the random seed
generator.

The random interleaving-sequence generator according to
an embodiment of the present invention may apply different
interleaving seeds to respective OFDM symbols to acquire
frequency diversity. Logical composition of the random inter-
leaving-sequence generator may include a random main-se-
quence generator (or a random main interleaving-sequence
generator or a random main-interleaving seed generator) (C,
(K)) for interleaving cells in a single OFDM symbol in one
OFDM symbol pair and a random symbol-offset generator
(S|,/2)) for changing a symbol offset (This parameter can be
referred as a cyclic shifting value). The random main-se-
quence generator according to an embodiment of the present
invention is similar to the random seed generator (mentioned
above), the random main-sequence generator has a different
structure from the random main-seed generator. Also, the
random main-sequence generator or a randomizer in the ran-
dom main-sequence generator may be referred as a main-
PRBS generator and it may be changed according to the
designer’s attention.

The random main-sequence generator may generate the
aforementioned random FI parameter. That is, random main-
sequence generator may generate seed for interleaving cells
in a single OFDM symbol.

The random main-sequence generator according to an
embodiment of the present invention may include a spreader
and a randomizer and perform rendering a full randomness in
frequency-domain. According to an embodiment of the
present invention, in the case of 4K FFT mode, the random
main-sequence generator may include a 1 bit spreader and an
11 bit-randomizer. The random main-sequence generator or
the randomizer according to an embodiment of the present
invention may be referred as a main-PRBS generator which is
defined based on the 11-bit binary word sequence (or binary
sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset of each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for the respective FFT modes. According to an
embodiment of the present invention, in the case of 4K FFT
mode, a (12-k) bit-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
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tion may be referred as a sub-PRBS generator which is
defined based on (12-k) bit binary word sequence (or binary
sequence).

The aforementioned spreader and randomizer may be used
to achieve spreading and random effects during generation of
the interleaving seed.

In this embodiment, in generating of interleaving-value,
PRBS operation order is modified to cope with the case of that
the number of active carriers vary at start and last OFDM
symbols within a single frame.

FIG. 84 is a view of a 4K FFT mode random interleaving-
sequence generator according to an embodiment of the
present invention.

The 4K FFT mode random interleaving-sequence genera-
tor according to an embodiment of the present invention may
include a spreader (1-bit toggling), a randomizer, a random
symbol-offset generator, a modulo operator and a memory-
index check. As described above, the random main-sequence
generator may include a spreader and a randomizer.

As shown in FIG. 84, the locations of the modulo operator
and the memory-index check is changed as compared with the
4K FFT mode random main-seed generator as described
above.

The changed locations of the modulo operator and the
memory-index check as shown in FIG. 84 is to increase a
frequency deinterleaving performance of the frequency
deinterleaver having single memory. As above described, a
signal frame (or frame) according to the present invention
may have normal data symbol (normal data symbol), frame
edge symbol and frame signaling symbol and a length of the
frame edge symbol and the frame signaling symbol may be
shorter than the normal data symbol. For this reason, a fre-
quency deinterleaving performance of the frequency deinter-
leaver having single memory can be decreased. In order to
increase the frequency deinterleaving performance of the fre-
quency deinterleaver with a single memory, the present inven-
tion may provide the changed locations of the modulo opera-
tor and the memory-index check.

Hereinafter, an operation of each block will be described.

The (cell) spreader may be operated using an upper portion
of'n-bit oftotal 12-bit and may function as a multiplexer based
on a look-up table. In the case of 4K FFT mode, the (cell)
spreader may be a 1-bit multiplexer (or toggling).

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, in the case of 4K FFT mode, the randomizer
may be a PN generator that considers 11-bit. This can be
changed according to a designer’s intention. Also the
spreader and the randomizer are operated through multi-
plexer and PN generator, respectively.

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-sequence
generated by the main-interleaving sequence generator for
each pair-wise OFDM symbol. A detailed operation is the
same as those describe above and thus are not described here.

The modulo operator may be operated when input value
exceeds N, or N, .. The maximum value of the N,
(N,,...) for 4K FFT mode may be 4096.

The memory-index check may not use output from the
modulo operator when a memory-index generated by the
spreader and the randomizer is greater than N, or the maxi-
mum valueoftheN ., (N,,..) and may repeatedly operate the
spreader and the randomizer to adjust the output memory-
index such that the output memory-index does not exceed
N4z Or the maximum value of the N;,,, (N,...)-
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Locations of the illustrated memory-index check and
modulo operator can be changed according to a designer’s
intention.

FIG. 85 illustrates expressions representing an operation of
a 4K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

The expressions illustrated in an upper portion of FIG. 85
show initial value setting and primitive polynomial of a ran-
domizer. In this case, the primitive polynomial may be 11%
primitive polynomial and the initial value may be changed by
arbitrary values. That is, the expressions illustrated in an
upper portion shows binary word sequences or binary bits
used to define the main-PRBS generator which can generate
main-PRBS sequence.

The expressions illustrated in a lower portion of FIG. 85
show procedures of calculating and outputting the interleav-
ing address for different interleaving sequence for an output
signal of the spreader and the randomizer. As illustrated in the
expression, one random symbol-offset (or a symbol offset or
cyclic shifting value) is used to calculate the different inter-
leaving sequence and the cyclic shifting value may be applied
to each OFDM symbol pair in the same way.

The expressions illustrated in a lower portion of FIG. 85
show procedures of calculating and outputting main-inter-
leaving sequence for an output signal of the spreader and the
randomizer. As illustrated in the expression, one random
symbol-offset may be applied to each OFDM symbol pair in
the same way.

As above described, the random symbol-offset generator
according to an embodiment of the present invention may
include k bits-spreader and (X-k) bits-randomizer.

The k bits-spreader may be operated through a 2% multi-
plexer and may be optimally designed to maximize inter-
symbol spreading properties (or to minimize correlation
properties).

The randomizer may be operated through an N bits-PN
generator (or N bits-sub-PRBS generator) and designed to
provide randomness.

The 4K FFT mode random symbol-offset generator may
include a 0/1/2 bits-spreader and a 12/11/10 bits-random
generator (or a PN generator). It can be changed according to
the designer’s intention.

FIG. 86 is a view illustrating logical composition of a 4K
FFT mode random interleaving-sequence generator accord-
ing to an embodiment of the present invention.

As described above, the 4K FFT mode random interleav-
ing-sequence generator according to an embodiment of the
present invention may include a random main interleaving-
seed generator, a random symbol-offset generator, a memory
index check, and a modulo operator.

FIG. 86 illustrates the logical composition of a 4K FFT
mode random interleaving-sequence generator formed by
combining a random main interleaving-seed generator and a
random symbol-offset generator. FIG. 86 illustrates an
embodiment of the random main interleaving-seed generator
including a 1 bit-spreader and an 11 bits-randomizer, and an
embodiment of the random symbol-offset generator includ-
ing a 2 bits-spreader and a 10 bits-randomizer. Details thereof
have been described above and thus will be omitted here.

Hereinafter, a random interleaving-sequence generator for
4K FFT mode according to another embodiment of the
present invention will be described.

the random interleaving-sequence generator for 4K FFT
mode according to another embodiment of the present inven-
tion includes random main interleaving-sequence generator
which have a randomizer including bit shuffling.
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FIG. 87 is a view illustrating a 4K FFT mode random
interleaving-sequence generator according to another
embodiment of the present invention.

The 4K FFT mode random interleaving-sequence genera-
tor according to another embodiment of the present invention
may include a spreader (1-bit toggling), a randomizer, a ran-
dom symbol-offset generator, a modulo operator and a
memory-index check. As described above, the random main
interleaving-sequence generator may include a spreader and a
randomizer.

Details thereof except bit shuftling have been described
above and thus will be omitted here.

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, the randomizer according to an embodiment
of the present invention may include bit shuffling. The bit
shuffling optimizes spreading properties or random proper-
ties and is designed in consideration of N .. In the case of
4K FFT mode, the bit shuffling may use a 11-bit PN genera-
tor, which can be changed.

FIG. 88 is expressions representing operations of 4K FFT
mode bit shuffling and 4K FFT mode random interleaving-
sequence generator according to another embodiment of the
present invention.

(a) illustrates an expression representing an operation of
the 4K FFT mode bit shuffling and (b) illustrates an expres-
sion representing an operation of the 4K FFT random inter-
leaving-sequence generator.

The upper portion of (a) shows an operation of the 4K FFT
mode bit shuffling and the lower portion of (a) shows an
embodiment of the 4K FFT mode bit shuffling for 11 bits.

As illustrated in (a), the 4K FFT mode bit shuffling may
mix bits of registers of a PN generator during calculation of a
memory-index.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 12% primitive
polynomial and the initial value may be changed by arbitrary
values. That is, the expressions illustrated in an upper portion
shows binary word sequences or binary bits used to define the
main-PRBS generator which can generate main-PRBS
sequence.

An expression illustrated in a lower portion of (b) shows
procedures of calculating and outputting the interleaving
address for different interleaving sequence for an output sig-
nal of the spreader and the randomizer. As illustrated in the
expression, one random symbol-offset (or a symbol offset or
cyclic shifting value) is used to calculate the different inter-
leaving sequence and the cyclic shifting value may be applied
to each OFDM symbol pair in the same way.

Hereinafter, the random interleaving-sequence generator
for an 8K FFT mode will be described. The random interleav-
ing-sequence generator according to an embodiment of the
present invention may be included in the frequency inter-
leaver 7020 and is similar to the random seed generator men-
tioned (mentioned above), the random interleaving-sequence
generator has a different structure from the random seed
generator.

The random main-sequence generator according to an
embodiment of the present invention may include a spreader
and a randomizer and perform rendering a full randomness in
frequency-domain. According to an embodiment of the
present invention, in the case of 8K FFT mode, the random
main-sequence generator may include a 1 bit spreader and an
12 bit-randomizer. The random main-sequence generator or
the randomizer according to an embodiment of the present
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invention may be referred as a main-PRBS generator which is
defined based on the 12-bit binary word sequence (or binary
sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset of each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for the respective FFT modes. According to an
embodiment of the present invention, in the case of 8K FFT
mode, a (13-k) bit-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (13-k) bit binary word sequence (or binary
sequence).

The aforementioned spreader and randomizer may be used
to achieve spreading and random effects during generation of
the interleaving seed.

In this embodiment, in generating of interleaving-value,
PRBS operation order is modified to cope with the case of that
the number of active carriers vary at start and last OFDM
symbols within a single frame.

FIG. 89 is a view of an 8K FF'T mode random interleaving-
sequence generator according to an embodiment of the
present invention.

The 8K FFT mode random interleaving-sequence genera-
tor according to an embodiment of the present invention may
include a spreader (1-bit toggling), a randomizer, a random
symbol-offset generator, a modulo operator and a memory-
index check. As described above, the random main-sequence
generator may include a spreader and a randomizer.

As shown in FIG. 89, the locations of the modulo operator
and the memory-index check is changed as compared with the
8K FFT mode random main-seed generator as described
above.

The changed locations of the modulo operator and the
memory-index check as shown in FIG. 89 is to increase a
frequency deinterleaving performance of the frequency
deinterleaver having single memory. As above described, a
signal frame (or frame) according to the present invention
may have normal data symbol (normal data symbol), frame
edge symbol and frame signaling symbol and a length of the
frame edge symbol and the frame signaling symbol may be
shorter than the normal data symbol. For this reason, a fre-
quency deinterleaving performance of the frequency deinter-
leaver having single memory can be decreased. In order to
increase the frequency deinterleaving performance of the fre-
quency deinterleaver with a single memory, the present inven-
tion may provide the changed locations of the modulo opera-
tor and the memory-index check.

Hereinafter, an operation of each block will be described.

The (cell) spreader may be operated using an upper portion
of'n-bitoftotal 13-bitand may function as a multiplexer based
on a look-up table. In the case of 8K FFT mode, the (cell)
spreader may be a 1-bit multiplexer (or toggling).

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, in the case of 8K FFT mode, the randomizer
may be a PN generator that considers 12-bit. This can be
changed according to a designer’s intention. Also the
spreader and the randomizer are operated through multi-
plexer and PN generator, respectively.

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-sequence
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generated by the main-interleaving sequence generator for
each pair-wise OFDM symbol. A detailed operation is the
same as those describe above and thus are not described here.

The modulo operator may be operated when input value
exceeds N, or N, .. The maximum value of the N,
(N,,...) for 8K FFT mode may be 8192.

The memory-index check may not use output from the
modulo operator when a memory-index generated by the
spreader and the randomizer is greater than N, or the maxi-
mum valueoftheN ., (N,,..) and may repeatedly operate the
spreader and the randomizer to adjust the output memory-
index such that the output memory-index does not exceed
N4z Or the maximum value of the N;,,, (N,...)-

Locations of the illustrated memory-index check and
modulo operator can be changed according to a designer’s
intention.

FIG. 90 illustrates expressions representing an operation of
an 8K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

The expressions illustrated in an upper portion of FIG. 90
show initial value setting and primitive polynomial of a ran-
domizer. In this case, the primitive polynomial may be 12
primitive polynomial and the initial value may be changed by
arbitrary values. That is, the expressions illustrated in an
upper portion shows binary word sequences or binary bits
used to define the main-PRBS generator which can generate
main-PRBS sequence.

The expressions illustrated in a lower portion of FIG. 90
show procedures of calculating and outputting the interleav-
ing address for different interleaving sequence for an output
signal of the spreader and the randomizer. As illustrated in the
expression, one random symbol-offset (or a symbol offset or
cyclic shifting value) is used to calculate the different inter-
leaving sequence and the cyclic shifting value may be applied
to each OFDM symbol pair in the same way.

As above described, the random symbol-offset generator
according to an embodiment of the present invention may
include k bits-spreader and (X-k) bits-randomizer.

The k bits-spreader may be operated through a 2 multi-
plexer and may be optimally designed to maximize inter-
symbol spreading properties (or to minimize correlation
properties).

The randomizer may be operated through an N bits-PN
generator (or N bits-sub-PRBS generator) and designed to
provide randomness.

The 8K FFT mode random symbol-offset generator may
include a 0/1/2 bits-spreader and a 13/12/11 bits-random
generator (or a PN generator). It can be changed according to
the designer’s intention.

FIG. 91 is a view illustrating logical composition of an 8K
FFT mode random interleaving-sequence generator accord-
ing to an embodiment of the present invention.

As described above, the 8K FFT mode random interleav-
ing-sequence generator according to an embodiment of the
present invention may include a random main interleaving-
seed generator, a random symbol-offset generator, a memory
index check, and a modulo operator.

FIG. 91 illustrates the logical composition of an 8K FFT
mode random interleaving-sequence generator formed by
combining a random main interleaving-seed generator and a
random symbol-offset generator. FIG. 91 illustrates an
embodiment of the random main interleaving-seed generator
including a 1 bit-spreader and a 12 bits-randomizer, and an
embodiment of the random symbol-offset generator includ-
ing a 2 bits-spreader and an 11 bits-randomizer. Details
thereof have been described above and thus will be omitted
here.
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Hereinafter, a random interleaving-sequence generator for
8K FFT mode according to another embodiment of the
present invention will be described.

The random interleaving-sequence generator for 8K FFT
mode according to another embodiment of the present inven-
tion includes random main interleaving-sequence generator
which have a randomizer including bit shuffling.

FIG. 92 is a view illustrating an 8K FFT mode random
interleaving-sequence generator according to another
embodiment of the present invention.

The 8K FFT mode random interleaving-sequence genera-
tor according to another embodiment of the present invention
may include a spreader (1-bit toggling), a randomizer, a ran-
dom symbol-offset generator, a modulo operator and a
memory-index check. As described above, the random main
interleaving-sequence generator may include a spreader and a
randomizer.

Details thereof except bit shuffling have been described
above and thus will be omitted here.

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, the randomizer according to an embodiment
of the present invention may include bit shuffling. The bit
shuffling optimizes spreading properties or random proper-
ties and is designed in consideration of N, .. In the case of
8K FFT mode, the bit shuffling may use a 12-bit PN genera-
tor, which can be changed.

FIG. 93 is expressions representing operations of 8K FFT
mode bit shuffling and 8K FFT mode random interleaving-
sequence generator according to another embodiment of the
present invention.

(a) illustrates an expression representing an operation of
the 8K FFT mode bit shuffling and (b) illustrates an expres-
sion representing an operation of the 8K FFT random inter-
leaving-sequence generator.

The upper portion of (a) shows an operation of the 8K FFT
mode bit shuffling and the lower portion of (a) shows an
embodiment of the 8K FFT mode bit shuffling for 12 bits.

As illustrated in (a), the 8K FFT mode bit shuffling may
mix bits of registers of a PN generator during calculation of a
memory-index.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 12% primitive
polynomial and the initial value may be changed by arbitrary
values. That is, the expressions illustrated in an upper portion
shows binary word sequences or binary bits used to define the
main-PRBS generator which can generate main-PRBS
sequence.

An expression illustrated in a lower portion of (b) shows
procedures of calculating and outputting the interleaving
address for different interleaving sequence for an output sig-
nal of the spreader and the randomizer. As illustrated in the
expression, one random symbol-offset (or a symbol offset or
cyclic shifting value) is used to calculate the different inter-
leaving sequence and the cyclic shifting value may be applied
to each OFDM symbol pair in the same way.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting main-interleaving
sequence for an output signal of the spreader and the random-
izer. As illustrated in the expression, one random symbol-
offset may be applied to each OFDM symbol pair in the same
way.

Hereinafter, the random interleaving-sequence generator
for a 16K FFT mode will be described. The random interleav-
ing-sequence generator according to an embodiment of the
present invention may be included in the frequency inter-
leaver 7020 and is similar to the random seed generator men-
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tioned (mentioned above), the random interleaving-sequence
generator has a different structure from the random seed
generator.

The random main-sequence generator according to an
embodiment of the present invention may include a spreader
and a randomizer and perform rendering a full randomness in
frequency-domain. According to an embodiment of the
present invention, in the case of 16K FFT mode, the random
main-sequence generator may include a 1 bit spreader and an
13 bit-randomizer. The random main-sequence generator or
the randomizer according to an embodiment of the present
invention may be referred as a main-PRBS generator which is
defined based on the 13-bit binary word sequence (or binary
sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset of each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for the respective FFT modes. According to an
embodiment of the present invention, in the case of 16K FFT
mode, a (14-k) bit-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (14-k) bit binary word sequence (or binary
sequence).

The aforementioned spreader and randomizer may be used
to achieve spreading and random effects during generation of
the interleaving seed.

In this embodiment, in generating of interleaving-value,
PRBS operation order is modified to cope with the case of that
the number of active carriers vary at start and last OFDM
symbols within a single frame.

FIG. 94 1is a view ofa 16K FFT mode random interleaving-
sequence generator according to an embodiment of the
present invention.

The 16K FFT mode random interleaving-sequence genera-
tor according to an embodiment of the present invention may
include a spreader (1-bit toggling), a randomizer, a random
symbol-offset generator, a modulo operator and a memory-
index check. As described above, the random main-sequence
generator may include a spreader and a randomizer.

As shown in FIG. 94, the locations of the modulo operator
and the memory-index check is changed as compared with the
16K FFT mode random main-seed generator as described
above.

The changed locations of the modulo operator and the
memory-index check as shown in FIG. 94 is to increase a
frequency deinterleaving performance of the frequency
deinterleaver having single memory. As above described, a
signal frame (or frame) according to the present invention
may have normal data symbol (normal data symbol), frame
edge symbol and frame signaling symbol and a length of the
frame edge symbol and the frame signaling symbol may be
shorter than the normal data symbol. For this reason, a fre-
quency deinterleaving performance of the frequency deinter-
leaver having single memory can be decreased. In order to
increase the frequency deinterleaving performance of the fre-
quency deinterleaver with a single memory, the present inven-
tion may provide the changed locations of the modulo opera-
tor and the memory-index check.

Hereinafter, an operation of each block will be described.

The (cell) spreader may be operated using an upper portion
of'n-bit of total 14-bit and may function as a multiplexer based
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on a look-up table. In the case of 16K FFT mode, the (cell)
spreader may be a 1-bit multiplexer (or toggling).

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, in the case of 16K FFT mode, the random-
izer may be a PN generator that considers 13-bit. This can be
changed according to a designer’s intention. Also the
spreader and the randomizer are operated through multi-
plexer and PN generator, respectively.

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-sequence
generated by the main-interleaving sequence generator for
each pair-wise OFDM symbol. A detailed operation is the
same as those describe above and thus are not described here.

The modulo operator may be operated when input value
exceeds N,,, or N, ... The maximum value of the N,
(N, for 16K FFT mode may be 16384.

The memory-index check may not use output from the
modulo operator when a memory-index generated by the
spreader and the randomizer is greater than N, or the maxi-
mum valueoftheN ., (N,,...) and may repeatedly operate the
spreader and the randomizer to adjust the output memory-
index such that the output memory-index does not exceed
N4z OF the maximum value ofthe N ., (N,...)-

Locations of the illustrated memory-index check and
modulo operator can be changed according to a designer’s
intention.

FIG. 95 illustrates expressions representing an operation of
a 16K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

The expressions illustrated in an upper portion of FIG. 95
show initial value setting and primitive polynomial of a ran-
domizer. In this case, the primitive polynomial may be 13
primitive polynomial and the initial value may be changed by
arbitrary values. That is, the expressions illustrated in an
upper portion shows binary word sequences or binary bits
used to define the main-PRBS generator which can generate
main-PRBS sequence.

The expressions illustrated in a lower portion of FIG. 95
show procedures of calculating and outputting the interleav-
ing address for different interleaving sequence for an output
signal of the spreader and the randomizer. As illustrated in the
expression, one random symbol-offset (or a symbol offset or
cyclic shifting value) is used to calculate the different inter-
leaving sequence and the cyclic shifting value may be applied
to each OFDM symbol pair in the same way.

As above described, the random symbol-offset generator
according to an embodiment of the present invention may
include k bits-spreader and (X-k) bits-randomizer.

The k bits-spreader may be operated through a 2% multi-
plexer and may be optimally designed to maximize inter-
symbol spreading properties (or to minimize correlation
properties).

The randomizer may be operated through an N bits-PN
generator (or N bits-sub-PRBS generator) and designed to
provide randomness.

The 16K FFT mode random symbol-offset generator may
include a 0/1/2 bits-spreader and a 14/13/12 bits-random
generator (or a PN generator). It can be changed according to
the designer’s intention.

FIG. 96 is a view illustrating logical composition ofa 16K
FFT mode random interleaving-sequence generator accord-
ing to an embodiment of the present invention.

As described above, the 16K FFT mode random interleav-
ing-sequence generator according to an embodiment of the
present invention may include a random main interleaving-
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seed generator, a random symbol-offset generator, a memory
index check, and a modulo operator.

FIG. 96 illustrates the logical composition of a 16K FFT
mode random interleaving-sequence generator formed by
combining a random main interleaving-seed generator and a
random symbol-offset generator. FIG. 96 illustrates an
embodiment of the random main interleaving-seed generator
including a 1 bit-spreader and a 13 bits-randomizer, and an
embodiment of the random symbol-offset generator includ-
ing a 2 bits-spreader and a 12 bits-randomizer. Details thereof
have been described above and thus will be omitted here.

Hereinafter, a random interleaving-sequence generator for
16K FFT mode according to another embodiment of the
present invention will be described.

the random interleaving-sequence generator for 16K FFT
mode according to another embodiment of the present inven-
tion includes random main interleaving-sequence generator
which have a randomizer including bit shuffling.

FIG. 97 is a view illustrating a 16K FFT mode random
interleaving-sequence generator according to another
embodiment of the present invention.

The 16K FFT mode random interleaving-sequence genera-
tor according to another embodiment of the present invention
may include a spreader (1-bit toggling), a randomizer, a ran-
dom symbol-offset generator, a modulo operator and a
memory-index check. As described above, the random main
interleaving-sequence generator may include a spreader and a
randomizer.

Details thereof except bit shuftling have been described
above and thus will be omitted here.

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, the randomizer according to an embodiment
of the present invention may include bit shuffling. The bit
shuffling optimizes spreading properties or random proper-
ties and is designed in consideration of N .. In the case of
16K FFT mode, the bit shuffling may use a 13-bit PN gen-
erator, which can be changed.

FIG. 98 is expressions representing operations of 16K FFT
mode bit shuffling and 16K FFT mode random interleaving-
sequence generator according to another embodiment of the
present invention.

(a) illustrates an expression representing an operation of
the 16K FFT mode bit shuffling and (b) illustrates an expres-
sion representing an operation of the 16K FFT random inter-
leaving-sequence generator.

The upper portion of (a) shows an operation of the 16K
FFT mode bit shuffling and the lower portion of (a) shows an
embodiment of the 16K FFT mode bit shuffling for 13 bits.

As illustrated in (a), the 16K FFT mode bit shuffling may
mix bits of registers of a PN generator during calculation of a
memory-index.

An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 13 primitive
polynomial and the initial value may be changed by arbitrary
values. That is, the expressions illustrated in an upper portion
shows binary word sequences or binary bits used to define the
main-PRBS generator which can generate main-PRBS
sequence.

An expression illustrated in a lower portion of (b) shows
procedures of calculating and outputting the interleaving
address for different interleaving sequence for an output sig-
nal of the spreader and the randomizer. As illustrated in the
expression, one random symbol-offset (or a symbol offset or
cyclic shifting value) is used to calculate the different inter-
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leaving sequence and the cyclic shifting value may be applied
to each OFDM symbol pair in the same way.

An expression illustrated in a lower portion of (b) shows a
procedure of calculating and outputting main-interleaving
sequence for an output signal of the spreader and the random-
izer. As illustrated in the expression, one random symbol-
offset may be applied to each OFDM symbol pair in the same
way.

Hereinafter, the random interleaving-sequence generator
for a 32K FFT mode will be described. The random interleav-
ing-sequence generator according to an embodiment of the
present invention may be included in the frequency inter-
leaver 7020 and is similar to the random seed generator men-
tioned (mentioned above), the random interleaving-sequence
generator has a different structure from the random seed
generator.

The random main-sequence generator according to an
embodiment of the present invention may include a spreader
and a randomizer and perform rendering a full randomness in
frequency-domain. According to an embodiment of the
present invention, in the case of 32K FFT mode, the random
main-sequence generator may include a 1 bit spreader and a
14 bit-randomizer. The random main-sequence generator or
the randomizer according to an embodiment of the present
invention may be referred as a main-PRBS generator which is
defined based on the 14-bit binary word sequence (or binary
sequence).

The random symbol-offset generator according to an
embodiment of the present invention may change a symbol
offset of each OFDM symbol. That is, the random symbol-
offset generator may generate the aforementioned symbol
offset. The random symbol-offset generator according to an
embodiment of the present invention may include k bits-
spreader and (X-k) bits-randomizer and perform rendering a
spreading as much as 2* cases, in time-domain. X may be
differently set for the respective FFT modes. According to an
embodiment of the present invention, in the case of 32K FFT
mode, a (15-k) bit-randomizer may be used. The (X-k) bits-
randomizer according to an embodiment of the present inven-
tion may be referred as a sub-PRBS generator which is
defined based on (15-k) bit binary word sequence (or binary
sequence).

The aforementioned spreader and randomizer may be used
to achieve spreading and random effects during generation of
the interleaving seed.

In this embodiment, in generating of interleaving-value,
PRBS operation order is modified to cope with the case of that
the number of active carriers vary at start and last OFDM
symbols within a single frame.

FIG. 99 is a view of a 32K FF'T mode random interleaving-
sequence generator according to an embodiment of the
present invention.

The 32K FFT mode random interleaving-sequence genera-
tor according to an embodiment of the present invention may
include a spreader (1-bit toggling), a randomizer, a random
symbol-offset generator, a modulo operator and a memory-
index check. As described above, the random main-sequence
generator may include a spreader and a randomizer.

As shown in FIG. 99, the locations of the modulo operator
and the memory-index check is changed as compared with the
32K FFT mode random main-seed generator as described
above.

The changed locations of the modulo operator and the
memory-index check as shown in FIG. 99 is to increase a
frequency deinterleaving performance of the frequency
deinterleaver having single memory. As above described, a
signal frame (or frame) according to the present invention
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may have normal data symbol (normal data symbol), frame
edge symbol and frame signaling symbol and a length of the
frame edge symbol and the frame signaling symbol may be
shorter than the normal data symbol. For this reason, a fre-
quency deinterleaving performance of the frequency deinter-
leaver having single memory can be decreased. In order to
increase the frequency deinterleaving performance of the fre-
quency deinterleaver with a single memory, the present inven-
tion may provide the changed locations of the modulo opera-
tor and the memory-index check.

Hereinafter, an operation of each block will be described.

The (cell) spreader may be operated using an upper portion
of'n-bit oftotal 15-bit and may function as a multiplexer based
on a look-up table. In the case of 32K FFT mode, the (cell)
spreader may be a 1-bit multiplexer (or toggling).

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, in the case of 32K FFT mode, the random-
izer may be a PN generator that considers 14-bit. This can be
changed according to a designer’s intention. Also the
spreader and the randomizer are operated through multi-
plexer and PN generator, respectively.

The random symbol-offset generator may generate a sym-
bol-offset for cyclic-shifting main interleaving-sequence
generated by the main-interleaving sequence generator for
each pair-wise OFDM symbol. A detailed operation is the
same as those describe above and thus are not described here.

The modulo operator may be operated when input value
exceeds N, or N . The maximum value of the N,
(N,,...) for 32K FFT mode may be 32768.

The memory-index check may not use output from the
modulo operator when a memory-index generated by the
spreader and the randomizer is greater than N ., or the maxi-
mum valueoftheN . (R,,,.) and may repeatedly operate the
spreader and the randomizer to adjust the output memory-
index such that the output memory-index does not exceed
N4z Or the maximum value of the N;,,, (N,...)-

Locations of the illustrated memory-index check and
modulo operator can be changed according to a designer’s
intention.

FIG. 100 illustrates expressions representing an operation
of'a 32K FFT mode random interleaving-sequence generator
according to an embodiment of the present invention.

The expressions illustrated in an upper portion of FIG. 100
show initial value setting and primitive polynomial of a ran-
domizer. In this case, the primitive polynomial may be 14
primitive polynomial and the initial value may be changed by
arbitrary values. That is, the expressions illustrated in an
upper portion shows binary word sequences or binary bits
used to define the main-PRBS generator which can generate
main-PRBS sequence.

The expressions illustrated in a lower portion of FIG. 100
show procedures of calculating and outputting the interleav-
ing address for different interleaving sequence for an output
signal of the spreader and the randomizer. As illustrated in the
expression, one random symbol-offset (or a symbol offset or
cyclic shifting value) is used to calculate the different inter-
leaving sequence and the cyclic shifting value may be applied
to each OFDM symbol pair in the same way.

As above described, the random symbol-offset generator
according to an embodiment of the present invention may
include k bits-spreader and (X-k) bits-randomizer.

The k bits-spreader may be operated through a 2 multi-
plexer and may be optimally designed to maximize inter-
symbol spreading properties (or to minimize correlation
properties).
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The randomizer may be operated through an N bits-PN
generator (or N bits-sub-PRBS generator) and designed to
provide randomness.

The 32K FFT mode random symbol-offset generator may
include a 0/1/2 bits-spreader and a 15/14/13 bits-random
generator (or a PN generator). It can be changed according to
the designer’s intention.

FIG. 101 is a view illustrating logical composition ofa 32K
FFT mode random interleaving-sequence generator accord-
ing to an embodiment of the present invention.

As described above, the 32K FFT mode random interleav-
ing-sequence generator according to an embodiment of the
present invention may include a random main interleaving-
seed generator, a random symbol-offset generator, a memory
index check, and a modulo operator.

FIG. 101 illustrates the logical composition of a 32K FFT
mode random interleaving-sequence generator formed by
combining a random main interleaving-seed generator and a
random symbol-offset generator. FIG. 101 illustrates an
embodiment of the random main interleaving-seed generator
including a 1 bit-spreader and a 14 bits-randomizer, and an
embodiment of the random symbol-offset generator includ-
ing a 2 bits-spreader and an 13 bits-randomizer. Details
thereof have been described above and thus will be omitted
here.

Hereinafter, a random interleaving-sequence generator for
32K FFT mode according to another embodiment of the
present invention will be described.

the random interleaving-sequence generator for 32K FFT
mode according to another embodiment of the present inven-
tion includes random main interleaving-sequence generator
which have a randomizer including bit shuffling.

FIG. 102 is a view illustrating a 32K FFT mode random
interleaving-sequence generator according to another
embodiment of the present invention.

The 32K FFT mode random interleaving-sequence genera-
tor according to another embodiment of the present invention
may include a spreader (1-bit toggling), a randomizer, a ran-
dom symbol-offset generator, a modulo operator and a
memory-index check. As described above, the random main
interleaving-sequence generator may include a spreader and a
randomizer.

Details thereof except bit shuffling have been described
above and thus will be omitted here.

The randomizer may be operated via a PN generator and
may provide full randomness during interleaving. As
described above, the randomizer according to an embodiment
of the present invention may include bit shuffling. The bit
shuffling optimizes spreading properties or random proper-
ties and is designed in consideration of N, .. In the case of
8K FFT mode, the bit shuffling may use a 14-bit PN genera-
tor, which can be changed.

FIG. 103 is expressions representing operations of 32K
FFT mode bit shuffling and 32K FFT mode random interleav-
ing-sequence generator according to another embodiment of
the present invention.

(a) illustrates an expression representing an operation of
the 32K FFT mode bit shuffling and (b) illustrates an expres-
sion representing an operation of the 32K FFT random inter-
leaving-sequence generator.

The upper portion of (a) shows an operation of the 32K
FFT mode bit shuffling and the lower portion of (a) shows an
embodiment of the 32K FFT mode bit shuffling for 14 bits.

As illustrated in (a), the 32K FFT mode bit shuffling may
mix bits of registers of a PN generator during calculation of a
memory-index.
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An expression illustrated in an upper portion of (b) shows
initial value setting and primitive polynomial of a randomizer.
In this case, the primitive polynomial may be 147 primitive
polynomial and the initial value may be changed by arbitrary
values. That is, the expressions illustrated in an upper portion
shows binary word sequences or binary bits used to define the
main-PRBS generator which can generate main-PRBS
sequence.

An expression illustrated in a lower portion of (b) shows
procedures of calculating and outputting the interleaving
address for different interleaving sequence for an output sig-
nal of the spreader and the randomizer. As illustrated in the
expression, one random symbol-offset (or a symbol offset or
cyclic shifting value) is used to calculate the different inter-
leaving sequence and the cyclic shifting value may be applied
to each OFDM symbol pair in the same way.

FIG. 104 is a flowchart illustrating a method for transmit-
ting broadcast signals according to an embodiment of the
present invention.

The apparatus for transmitting broadcast signals according
to an embodiment of the present invention can encode service
data (S104000). As described above, service data is transmit-
ted through a data pipe which is a logical channel in the
physical layer that carries service data or related metadata,
which may carry one or multiple service(s) or service com-
ponent(s). Data carried on a data pipe can be referred to as the
DP data or the service data. The detailed process of step
S104000 is as described in FIG. 1 or FIG. 5-6, FIG. 22.

The apparatus for transmitting broadcast signals according
to an embodiment of the present invention can may map the
encoded service data into a plurality of OFDM symbols to
build at least one signal frame (S104010). The detailed pro-
cess of this step is as described in FIG. 7, FIG. 10-21.

Then, the apparatus for transmitting broadcast signals
according to an embodiment of the present invention can may
use a different interleaving-seed which is used for every
OFDM symbol pair comprised of two sequential OFDM
symbols. as above described, the basic function of the cell
mapper 7010 is to map data cells for each of the DPs, PLS
data, if any, into arrays of active OFDM cells corresponding
to each of the OFDM symbols within a signal frame. Then,
the frequency interleaver 7020 may operate on a single
OFDM symbol basis, provide frequency diversity by ran-
domly interleaving the cells received from the cell mapper
7010. The purpose of the frequency interleaver 7020 in the
present invention, which operates on a single OFDM symbol,
is to provide frequency diversity by randomly interleaving
data cells received from the cell mapper 7010. In order to get
maximum interleaving gain in a single signal frame (or
frame), a different interleaving-seed is used for every OFDM
symbol pair comprised of two sequential OFDM symbols.
The detailed process of the frequency interleaving is as
described in FIGS. 30 to 103.

Subsequently, the apparatus for transmitting broadcast sig-
nals according to an embodiment of the present invention
may modulate the frequency interleaved data by an OFDM
scheme (S104030). The detailed process of this step is as
described in FIG. 1 or 8.

The apparatus for transmitting broadcast signals according
to an embodiment of the present invention can transmit the
broadcast signals including the modulated data (S104040).
The detailed process of this step is as described in FIG. 1 or 8.

FIG. 105 is a flowchart illustrating a method for receiving
broadcast signals ac cording to an embodiment of the present
invention.
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The flowchart shown in FIG. 105 corresponds to a reverse
process of the broadcast signal transmission method accord-
ing to an embodiment of the present invention, described with
reference to FIG. 104.

The apparatus for receiving broadcast signals according to
an embodiment of the present invention can receive broadcast
signals (S105000). The apparatus for receiving broadcast
signals according to an embodiment of the present invention
can demodulate the received broadcast signals using an
OFDM (Orthogonal Frequency Division Multiplexin g)
scheme (S105010). Details are as described in FIG. 9.

The apparatus for receiving broadcast signals according to
an embodiment of the present invention may frequency de-
interleave the demodulated broadcast signals (S105020). In
this case, the apparatus for receiving broadcast signals
according to an embodiment of the present invention can
perform frequency de-interleaving corresponds to a reverse
process of the frequency interleaving as shown in the above.
The detailed process of the frequency interleaving is as
described in FIGS. 30 to 103.

Subsequently, the apparatus for receiving broadcast signals
according to an embodiment of the present invention may
de-map service data from at least one signal frame in the
frequency de-interleaved broadcast signals (S105030).
Details are as described in FIG. 9. Subsequently, the appara-
tus for receiving broadcast signals according to an embodi-
ment of the present invention can decode the demapped ser-
vice data (S105040). Details are as described in FIG. 9.

As described above, service data is transmitted through a
data pipe which is a logical channel in the physical layer that
carries service data or related metadata, which may carry one
or multiple service(s) or service component(s). Data carried
on a data pipe can be referred to as the DP data or the service
data.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cov-
ers the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:
1. A method for transmitting broadcast signals, the method
comprising:

encoding service data;

mapping the encoded service data into symbols to build at
least one signal frame;

frequency interleaving data in the at least one signal frame
by using different interleaving sequences,

wherein the frequency interleaving includes:

generating an interleaving address for one of the interleav-
ing sequences based on a main-sequence and a symbol
offset;

modulating the frequency interleaved data by an OFDM
(Orthogonal Frequency Division Multiplex) scheme;
and

transmitting the broadcast signals having the modulated
data,

wherein the interleaving sequences are variable based on
FFT sizes of the OFDM scheme,

wherein when an FFT size is 32K, the main-sequence is
defined based on a 14 bits binary sequence and the
symbol offset is defined as a 15 bits binary sequence,

wherein when an FFT size is 8K, the main-sequence is
defined based on a 12 bits binary sequence and the
symbol offset is defined as a 13 bits binary sequence,
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wherein when an FFT size is 16K, the main-sequence is
defined based on a 13 bits binary sequence and the
symbol offset is defined as a 14 bits binary sequence.

2. The method of claim 1, wherein the generating the

interleaving address further includes:

generating the main-sequence; and

generating the symbol offset.

3. The method of claim 2, wherein the generating the

interleaving address further includes:

performing a modulo operation using a maximum number
of data for frequency interleaving.

4. The method of claim 3, wherein the generating the

interleaving address further includes:

performing an interleaving address check after the modulo
operation.

5. An apparatus for transmitting broadcast signals, the

apparatus comprising:

an encoder to encode service data;

a mapper to map the encoded service data into symbols to
build at least one signal frame;

a frequency interleaver to frequency interleave data in the
at least one signal frame by using different interleaving
sequences, wherein the frequency interleaver further
generates an interleaving address for one of the inter-
leaving sequences based on a main-sequence and a sym-
bol offset;

a modulator to modulate the frequency interleaved data by
an OFDM (Orthogonal Frequency Division Multiplex)
scheme; and

a transmitter to transmit the broadcast signals having the
modulated data,

wherein the interleaving sequences are variable based on
FFT sizes of the OFDM scheme,

wherein when an FFT size is 32K, the main-sequence is
defined based on a 14 bits binary sequence and the
symbol offset is defined as a 15 bits binary sequence,

wherein when an FFT size is 8K, the main-sequence is
defined based on a 12 bits binary sequence and the
symbol offset is defined as a 13 bits binary sequence, and

wherein when an FFT size is 16K, the main-sequence is
defined based on a 13 bits binary sequence and the
symbol offset is defined as a 14 bits binary sequence.

6. The apparatus of claim 5, wherein the frequency inter-

leaver further includes:

a main-sequence generator to generate the main-sequence;
and

a symbol offset generator to generate the symbol offset.

7. The apparatus of claim 6, wherein the frequency inter-

leaver further includes:

a modulo operator to perform a modulo operation using a
maximum number of data for frequency interleaving.

8. The apparatus of claim 7, wherein frequency interleaver

further includes:

a checker to perform an interleaving address check after the
modulo operation.

9. A method for receiving broadcast signals, the method

comprising:

receiving the broadcast signals;

demodulating the received broadcast signals by an OFDM
(Orthogonal Frequency Division Multiplex) scheme;

frequency de-interleaving symbols which are carried by
the demodulated broadcast signals, wherein the symbols
are frequency-interleaved data by using a different inter-
leaving sequences,

wherein an interleaving address for one of the interleaving
sequences is generated based on a main-sequence and a
symbol offset, and
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wherein the interleaving sequences are variable based on
FFT sizes of the OFDM scheme,

wherein when an FFT size is 32K, the main-sequence is
defined based on a 14 bits binary sequence and the
symbol offset is defined as a 15 bits binary sequence,

wherein when an FFT size is 8K, the main-sequence is
defined based on a 12 bits binary sequence and the
symbol offset is defined as a 13 bits binary sequence,

wherein when an FFT size is 16K, the main-sequence is
defined based on a 13 bits binary sequence and the
symbol offset is defined as a 14 bits binary sequence;

de-mapping the frequency de-interleaved symbols into ser-
vice data; and

decoding the de-mapped service data.

10. The method of claim 9, wherein the one of the inter-
leaving sequences is generated based on a modulo operation
using a maximum number of data for frequency interleaving.

11. The method of claim 10, wherein the interleaving
address is generated by applying an interleaving address
check after the modulo operation.

12. An apparatus for receiving broadcast signals, the appa-
ratus comprising:

a receiver to receive the broadcast signals;

a demodulator to demodulate the received broadcast sig-
nals by an OFDM (Orthogonal Frequency Division
Multiplex) scheme;

afrequency de-interleaver to frequency de-interleave sym-
bols which are carried the demodulated broadcast sig-
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nals, wherein the symbols are frequency interleaved data
by using different interleaving sequences,

wherein an interleaving address for one of the interleaving

sequences is generated based on a main-sequence and a
symbol offset and
wherein the interleaving sequences are variable based on
FFT sizes of the OFDM scheme,

wherein when an FFT size is 32K, the main-sequence is
defined based on a 14 bits binary sequence and the
symbol offset is defined as a 15 bits binary sequence,

wherein when an FFT size is 8K, the main-sequence is
defined based on a 12 bits binary sequence and the
symbol offset is defined as a 13 bits binary sequence, and

wherein when an FFT size is 16K, the main-sequence is
defined based on a 13 bits binary sequence and the
symbol offset is defined as a 14 bits binary sequence;

a de-mapper to de-map the frequency de-interleaved sym-

bols into service data; and

a decoder to decode the de-mapped service data.

13. The apparatus of claim 12, wherein the one of the
interleaving sequences is generated based on a modulo opera-
tion using a maximum number of data for frequency inter-
leaving.

14. The apparatus of claim 13, wherein the interleaving
address is generated by applying an interleaving address
check after the modulo operation.
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